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PREFACE. 


Thb  preparation  of  a  "  Text-Book  of  Mineralogy "  vas  nndertakeo  in 
1868,  hj  Frof.  J.  D.  Dana,  immediately  after  the  publication  of  the  fifUi 
edition  of  the  System  of  Mineralogy.  The  state  of  hia  health,  however, 
early  compelled  him  to  relinqiuBh  the  work,  and  he  was  not  able  eubseqaently 
to  resame  it  Finally,  after  the  lapse  of  seven  yeai-s,  the  editorship  of  the 
volume  was  placed  in  the  lianda  of  the  writer,  who  has  endeavored  to  carry 
oat  the  original  plan. 

The  work  is  intended  to  meet  the  requirements  of  class  instruction.  With 
this  end  in  view  the  Deecriptive  part  has  been  made  snbordtnate  to  the 
more  important  sabjeots  embmued  ander  Physical  Mineralogy. 

The  Crj'Btallograpby  ia  presented  after  the  methods  of  Naumann ;  his 
ayetem  being  most  easily  nnderetood  by  the  beginner,  and  most  convenient 
for  giving  a  general  knowledge  of  the  principles  of  the  Science.  For  use 
in  calculations,  however,  it  is  mnch  lees  satisfactory  than  the  method  of 
Miller,  and  a  concise  exposition  of  Miller's  System  has  accordingly  been 
added  in  the  Appendix.  The  chapter  on  the  Physical  Characters  of  Min- 
erals has  been  expanded  to  a  considerable  length,  but  not  mom  than  was 
abaohitely  necessary  in  order  to  make  clearly  intelligible  the  methods  of 
using  the  principles  in  the  practical  study  of  crystals.  For  a  still  fuller 
discnssion  of  these  subjects  reference  may  he  made  to  the  works  of  Schrauf 
and  of  Groth,  and  for  details  in  regard  to  the  optical  characters  of  mineral 
species  to  the  Mineralogy  of  M.  DesCloizeaux. 

The  Descriptiv*  part  of  the  volume  is  an  abridgment  of  the  Sj-atem  of 
Mineralogy,  and  to  that  work  the  student  is  rcfen-ed  for  tlie  history  of  each 
tpecies  and  a  complete  list  of  its  sj-nonyms ;  for  an  enumeration  of  ol>- 
■erved  crystalline  planes,  and  their  angles ;  for  all  published  analyeoa ; 


for  a  fuller  description  of  localitieB  aud  methods  of  occiirre  tee,  and  altio  fol 
an  account  of  many  species  of  uncertuio  character,  not  mentioned  in  the 
folIo*ving  pages,  A  considerable  number  of  changes  and  additions,  how- 
over,  have  been  made  in  the  prepai'ation  of  the  present  work,  made  neces- 
sary by  the  pragi-ess  in  tlie  Science,  and  amoug  these  ai-e  included  many 
new  species.  The  chemical  formulas  are  those  of  modem  Clxemistry,  The 
new  edition  of  Rammelsberg's  JTandbudi  der  MiiieralcJieinie  hss  been 
often  used  in  the  preparation  of  the  volume,  and  frequent  references  to  him 
will  be  found  in  the  text 

The  work  has  throughout  been  under  the  supervision  of  Prof.  Dana,  aud 
all  the  pi'oofs  have  passed  under  his  eye.  Acknowledgments  are  also  due 
to  Prof.  G.  J.  Brash  and  Pi^of.  J.  P.  Cooke  for  friendly  advice  on  many 
points. 

PREFACE  TO  THE    REVISED    EDITION. 


In  this  Revised  Edition,  the  chief  additions  are  contained  in  four  sup- 
plementary chapters,  covering  about  fifty  pages.  Of  these,  two  are  devoted 
to  descriptions  of  new  iastruments  and  methods  of  research  in  Crystallog- 
raphy and  Physical  Mineralogy;  and  the  others  to  brief  descriptions  of 
the  minerals  recently  announced,  and  a  concise  statement  of  important 
new  facts  in  regard  to  the  characters  or  occurrence  of  old  epeeies.  A 
number  of  new  figures  are  introduced  in  illustration  of  these  subjects. 
The  work  has  been  repaged  ;  and  a  new  index,  much  more  complete  than 
the  former  one,  has  been  added. 

New  Haves,  Januar]/,  188S. 
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INTRODUCTION. 


Thk  Third  Kingdom  oE  Nature,  the  Inorganic,  embracee  all  sjiccies  nut 
organized  by  living  growth.  Unlike  a  plant  or  Buimal,  an  inoi-ganiu  ape- 
ciea  ie  a  simple  chemical  compound,  possessing  unity  of  chemical  and  plij'si- 
cal  nature  t)u-oiighout,  and  alike  in  essential  characters  through  all  diversity 
of  age  or  size. 

The  Science  of  Mineralogy  treats  of  those  inorganic  spocice  wliieli  occur 
ready  formed  in  or  abont  tlio  earth.  It  is  tliercfore  but  a  fragment  of  the 
Science  of  Inorganic  nature,  and  it  owes  its  eeparato  consideiTition  simply 
to  convenience. 

Tba  Inorgania  Oomponudi  an  formed  bj  the  mom  foroM,  sad  oa  the  nme  prindplet, 
whether  prodooed  In  the  laboioUiiy  of  the  (demist  or  in  oncdoor  nritiire,  and  ace  striotly  no 
mora  utiflcial  in  ons  ooae  than  in  Uie  other.  Catclnm  oarbooato  of  the  ohemioal  Ubonttor; 
Iain  evoTT  chkracter  the  same  identical  aabatiuioe  with  ojiluinm  caibonnte,  or  colcite.  found 
in  the  toqIu,  and  in  each  ooae  ia  evalved  bj  natare's  operationg.  There  is  hence  notJiinK 
whatarer  in  the  chaiaotec  of  mineral  speaiea  that  entitles  them  to  conatitnte  a,  soporate 
divinon  in  the  natnral  oloaeLfioation  of  biorganio  speciea. 

Tlie  objects  of  Mineralogy  proper  are  three-fold  ;  1,  to  present  the  true 
idea  of  each  species  ;  2,  to  exhibit  the  means  and  methods  of  distinguishing 
species,  whicli  object  is  however  partly  accomplished  in  the  former  ;  3,  to 
make  known  the  modes  of  oocun'ouco  and  associations  of  species,  and  their 
geographical  difitribution. 

In  presenting  the  science  in  this  Text  Book,  the  following  order  ie 
ftdoptea  : 

L  Phtsioax  Minkkalooy,  comprising  that  elementary  discussion  with 
remrd  to  the  structure  and  form,  and  the  physical  qualities  essential  to  a 
right  understanding  of  mineral  species,  and  their  distinctions. 

IL  Cnauiou.  and  DErrEKxiifA.T[vi!  Mixeraloot,  presenting  briefly  the 
seneral  characters  of  species  considered  as  chemical  compounds,  also  giving 
the  special  roetliods  of  distinguishingspouies,  and  tables  constructed  for  tins 

Enrpose.  The  latter  subject  is  preceded  by  a  few  words  on  the  use  of  tlie 
low-pipe. 

III.  DE80BU>nvB  MiHBRA.LOor,  coiiiprising  the  classification  anddescri|»- 
lions  of  Bpecies  and  their  varieties.  The  descriptions  include  llic  phj'Eical 
and  chemical  properties  of  the  most  ooinmon  and  important  of  tlio  luioertlB, 


INTBODUCnOH. 


vith  Bonie  accoant  also  of  their  aBsociation  and  geograpKical  distrilmtion. 
The  rarer  species,  and  those  of  uncertain  tionipoaitioii,  are  only  very  bnefly 
noticed. 


The  following  Bo^Jeote  oonneoted  with  miitemU  proparly  pertain  toQeologj:  1,  Lilhiila- 
Bioid  gtotogji,  or  LitMU>ffy,  which  tieatB  of  minerals  as  o(»iatilinentjB  of  looks.  2,  Chemieal 
SBOtfoay,  whi<di  oanmdera  in  one  of  ita  Enbdivinions  the  origin  of  minnrala,  oa  deteTmlned,  in 
the  Ugkt  of  ehemittry,  b?  the  ssBooiabioua  of  speciea,  the  alterations  which  species  are  liable 
to,  or  whioh  they  are  knoirn  to  have  onderfrone,  and  the  general  nature,  origin,  and  changes 
of  the  earth's  rock  formations.  Under  cbemioal  geology,  the  department  which  conaidets 
espeoiallf  the  assooialiions  of  speoiGH.  and  the  order  of  Buooesaion  in  aaoh  associations,  haa 
Mooired  the  special  name  of  the  pnntganeut  of  minerals  ;  trhile  the  orig;in  of  mineralB  ot 
rooka  throngh  altoratioa,  is  colled  mttamorphutn  ov  iweudtrntorpUim,  the  latter  term  being 
nitrioted  to  those  oases  in  which  the  arTsfaalline  form,  and  •ometimM  alM  the  deaTage,  ol 
k  miDen)  is  vetained  af  tat  the  change. 


byGoogIc 


LITEBATUKE. 

PoF  a  catalogue  of  minerological  works,  and  of  periodicals,  and  tnmsactioiis  of  Scientific 
Societies  in  wUcb  miDeraloKic&l  niemolrs  have  been  and  are  publUbod,  reference  is  made  to 
the  System  of  Mineralogy  (1868),  pp.  usv-slv.,  Appendix  II.  (1874),  and  Appendix  III. 
(LSS2).  The  following  works,  however,  deserve  to  be  mentioned,  as  they  will  be  found  use- 
ful as  books  of  reference. 

In  CaTSTAUXMaKATHir  ■ 

JVaumann.  Lebrbnch  der  reiaen  nnd  angewandten  Krystallographie.  S  vols.,  6vo. 
LeiMig,  1829. 


JVa«  -  .  -  ^  s    ■  - 

Miller.     A  Treatise  on  CryBtaUogmphy.     Cambridge,  ItiSH. 

Oratliek.    lichrbuch  der  KrystaLographie  von  W.  H.  Miller.    823  pp.,  8to.  Vienna,  1E56. 

Kopp.     Einleitnng  in  die  Imst&Uographie,     S48  pp.,  8vo.     Braunechneig.  1862. 

Yon  Lang.     Lehrbuch  der  KryHtallographie.     858  pp.,  8vo.     Vienna,  18(i(i. 

Quenttedt.  Onindrifa  der  bcstimmenden  und  recbnenden  KrystaUographie.  Tubingen, 
1873. 

Sose-iSadebeik.  Elemente  der  KrystalloKrapbie.  £d  ed.,  vol.  i..  181  pp.,  8vo.  Berlin, 
1878.     Vol.  ii.,  Angewandte  Krystallogropbio.     384  p^.,  8vo.     Berlin,  187G. 

Sehrauf.  Lehrbuch  der  Physikaliscben  Mineralope.  Vol.  i.,  Kiystallogrephio,  251 
pp.,  8vo.,  1866;  vol.  ii..  Die  angewandte  Fhysik  dor  Krystalle,     43U  pp.     Vienna,  1868. 

Oroth.    Physikaliscbe  Krystallographio.    C27  pp..  8vo.    Leipzig,  1876. 

Klein.     Einleitung  in  die  KryBtallbercchnun^.     89;!  pp.,  Svo.     Stuttgart,  18TU. 

Mallard,     Traits  as  Cristallographie  g^ometnque  ot  physique,  vol.  i.     Paris,  1876. 

Baaerman.  Text-Book  of  Systematic  HineraJogy.  Vol.  1 ,  867  pp ,  12mo.  London, 
1881. 

Liebueh.     Gkometrisohe  KrystalloKraphie.     461  pp.,  6vo.     Leipzig,  1881. 

Tschennak.     Lehtbuch  der  Mineralise.     Lief,  f.,  II,,  pp.  l-SuS.     Vienna,  ISSl-Sa 

In  PmrsiCAL  Mineraloqt  the  works  of  Sdirauf  (1868),  and  Orolh  (187(1),  and  TKhemak, 
titles  as  in  the  above  list.  Reference  is  also  made  to  the  works  on  Physics,  mentioned  on 
p  160,  In  addition  to  these,  on  pp.  Ill,  132,  166,  167,  171,180,  o  few  raomoireof  especial 
importance  on  the  diHerenC  snbjccl^  are  enumerated. 

In  Chehical  Minekaloot  :  .^fn7nef8^7-f,.HBndbuch  derMlncralchemic,  3d  ed.,  Leipzig, 
1875.     In  Determinative  Mineralogy,  Brush,  New  York,  J878. 

In  Descriptitb  Mifbbalooy  :  among  recent  works  those  ot  Brooke  and  M&Ur  (2d  ed.  of 
PhUlipe'  Min.),  London,  1853 ;  Quengtedl.  8d  cd  ,  Tubingen,  18T7 ;  Sehrnuf,  Alias  der 
KryBtallforraen,  Liet  I.-V.,  1871-1878  ;  Orolh  (Tabellarifichc  Uebemcht  der  Mineralien, 
etc.),  3d  ed.,  1883;  ti.  Kolcackarof,  Materialicn  zur  Kineralogie  Enss'ands.  vol.  i.,  1865, 
Tol.  viii.,  1881  ;  Dm  Oloiteaux,  vol.  i.,  1863,  vol.  ii.,  Paris,  1874  ;  Dana.  System  of  Miner- 
alogy, 1838,  App,  I,,  1878.  App.  II.,  1874,  App.  III.,  1^82  ;  Blum,  4th  ed.,  1874  ;  Jfau- 
mcum-ZiTkel,  11th  ed.,  1881. 

The  following  publications  are  devoted  particularly  to  Mincra'ozy  : 

Johrbuch  far  Mineralogie  ;  0.  Leonhard  and  H.  B.  Qcinitz,  Editors  ;  after  18TB,  E.  W. 
Beneeke,  C.  Klein,  and  H.  Rosenbusch, 

Minoralogische  Mittbeilunjjen  ;  commenced  1872,  Q.  TBchermak,  Editor  ;  since  1878, 
published  as  the  Mineral ogiache  und  Petrogtaphische  Wittheil unpen. 

Mineralogical  Magazine  and  Journal  of  the  Mineralogical  Society  ;  London,  and  Trun^ 
Cornwall.     Commenced  1875. 

Zcitachrift  filr  Krystallographie  ;  P.  Gmth  Editor  ;  I«ipzig.    Commenced  18T6. 

Bulletin  de  la  SociCte  Mineratogiqne  de  France.    Commenced  1878. 

ABBEEVIATIONS. 

For  abbreviations  of  the  names  of  Minoralc^cal  works,  of  Journals,  publications  ot 
Scientific  Societies,  etc.,  see  System  Min..  6th  cA.,  pp.  xSxv.-slv.,  App.  Ill,,  p.  viii. 

The  following  abbreviations  are  used  in  Ihe  Description  of  Species. 
B.B.        Before  the  Blowpipe  (p.  210).  Obt.  Observations  on  occurrence,  etc. 

Oomp.    Composition.  O.P.  Osidizing  Flame  (p.  204). 

I>i&        Differences,  or  distinctive  characters.      Pyr.  Pyrognostics. 

O.  Specific  Gravity.  Q.  Ratio.  Quantivalcnt  Ratio  (p.  198). 

Oerm.     German.  H.P.  Reducing  Flame  tp.  204). 

P-  Hardness.  Var.  Varieties. 

\n  asterisk  (•),  appcndel  to  the  name  of  a  mineral  sp'cies  in  thu  Descriptive  part,  of  th'a 
'  k,  indiuatea  that  additkmal  facts  in  itigard  to  it  are  mentioned  in  th<>  Snpplcmuntary 
-ptar,  pp.430to440.  ,  ^    ^ _ >.,W'.'S:i>^ 
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Pi^RT   I. 

PHYSICAL   MINERALOGY. 


The  grand  departmento  of  the  science  here  considered  arc  the  following: 
1.  STHUoruBE. — Stractare  in  Inorganic  nature  is  a  result  of  mathemati- 
cal eymmetry  in  the  action  of  coliesive  attraction.  The  forms  prodaced 
are  regular  solids  called  crystals  ;  whence  morphology  is,  in  the  Inorganic 
kin^om,  called  CBTsrALLOLOor.     It  is  the  science  of  stractnre  in  thislsing' 


dom  of  nature. 

2.  PnYsiOAL  PB0PEKTIK9  OF  MiKEKALs,  or  thosc  depending  on  relations  to 
light,  heat,  electricity,  magnetism  ;  on  differences  as  to  density  or  specific 
gravity,  hardness,  taste,  odor,  etc. 

Crystallology  is  naturally  divided  into,  I.  CitT8TALLOQEa.pnT,  which  treats 
of  the  forms  resulting  from  crystallization ;  II.  CaTBTALLOQENr,  which  de- 
scribee tho  methods  of  making  crystals,  and  discnsses  tlie  theories  of  their 
ori^Q.    Only  the  former  of  tEese  two  subjects  is  treated  of  in  this  work 


SECTION  L 
CRYSTALLOGRAPHY. 

CiTstallography  embraces  the  consideration  of — (1)  normally  formed  or 
regnlar  crvetals ;  (2)  twin  or  compound  crystals ;  (3)  the  irregularities  of 
crystals ;  (4)  crystalline  aggregates ;  and  (5)  psendomorphoas  crystals. 

1.  Gbnbbal  Ceakaotbbs  op  Cbtstalb. 

fl)  EetenuAform. — Crystals  are  bounded  by  plane  surfaces, 
callMt  simply  planes  or  faces,  symmetricallr  arranged  in  refer- 
ence to  one  or  more  diametral  lines  callecf  axes.     In  the  an= 
nexed  fisnre  the  planes  1  and  the  planes  t  are  symmetrically  t 
arranged  with  reference  to  tlie  vertical  axis  cc  ;  and  also  the  [ 
planes  of  each  kind  with  reference  to  the  three  transverse  axes.   \ 

(3)   OoTUtancy  of  angle  in.  the  same  species. — The  eryatiia  of 
uiy  species  are  essentially  constant  in  the  angle  of  inclinulio;) 
betwwn  like  planes.     The  angle  between  X  and  t,  in  a  given 
species,  is  always  cssQj.cially  the  same,  wherever  thie  crystal  is  found,  and 
wliether  a  product  o(  nature  or  of  tho  laboratory. 

■*  r.ii,/j-;..>^.t.ni>,;n^ 
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(3)  Difference  of  angle  of  different  epeoiea. — The  crystale  of  diSeretit 
fipevies  commonly  differ  in  an^ea  between  corresponding  planes.  The 
angles  of  crystals  are  consequently  a  means  of  distinguishing  species. 

(4)  Pimraity  of  planes. — While  in  the  crystals  oi  a  given  species  there 
is  constancy  of  angle  between  like  planes,  the  forins  of  tnb  crystals  may  be 
excettdiiigly  divei'se.     Tlie  accompanying  figui-es  are  examples  of  a  few  of 


the  forms  of  the  species  zircon.  There  is  hardly  any  limit  to  the  number  of 
forms  which  may  occnr  ;  yet  for  each  the  angles  between  like  planes  are 
esBentially  constant. 

CtTstalR  oocnr  oC  all  lizeB,  from  the  meieit  talcroBcoplc  point  to  a  Titrd  or  more  in  diame- 
ter. A  iing-le  cryetul  of  quartz,  now  at  IdilaB,  is  three  luid  u  qnartet  feet  Inng.  and  five  and  a 
half  in  ciroiamfereuce  ;  and  i\B  weig'ht  is  esCimatied  at  eight  bacdred  and  SBTent;  pounds. 
A  single  ciiTity  in  a  vein  of  quartE  near  the  Tiefen  Qlacier,  in  Switierland.  diBcovcred  ia 
180T,  has  afforded  amoky  quartz  cr;statii  weighing  in  the  ag;gre(^te  abont  20,000  ponnda  ;  a 
oODJsiderable  Dumber  of  the  single  crTetols  having  a  weight  of  200  to  S5D  pounds,  or  even 
more.  One  of  the  gigantic  berjia  from  Acworth.  New  Haropahire,  measures  four  feet  in 
length,  and  two  and  a  half  in  ciraumfenmce;  and  another,  at  Grafton,  is  over  fonrfeet  long, 
and  thirtj-two  inohes  in  one  of  ita  diametera,  and  does  not  weigh  less  than  two  and  a  half 
tons.  But  the  highest  perfeotion  of  form  and  transparency  are  found  only  in  crystals  of 
miall  BiEe. 

In  its  original  iigmflcation  the  term  crytM  wai  applied  onlv  to  crystals  of  quartz  ((.  1), 
which  the  anoieat  philosopheia  believed  to  be  water  congealed  by  intense  sold.  Hence  the 
term,  from  KfiaraX\at,  mm, 

(5)  SifiriTnetry  in  the  position  of  planes.— ^\\e  planes  on  the  crystals 
of  any  species,  however  numerous,  are  arranged  in  accordance  with  certain 
laws  of  symmetry  and  numerical  ratio.  If  one  of  the  simpler  forma  be 
taken  as  a  primary  or  fundamentaZ  fo7'm,  all  other  planes  will  be  secondary 
planes,  or  modifications  of  the  fundamental  form.  It  should  be  observea, 
however,  that  the  forms  called  primary  and  fundamental  in  cryatallographic 
description,  are  in  ^neral  merely  bo  by  assumption  and  for  convenience 
of  reference.   (See  also  p.  12.) 

Cleavage. — Besides  external  symmetry  of  fono,  crystal)  zatioQ  produces 
also  regularity  of  internal  structure,  and  often  of  fracture.  Tliis  regular- 
iw  of  nocture,  or  tendency  to  break  or  cleave  along  certain  planes,  is  called 
cleavage.  The  surface  afforded  by  cleavage  is  oftti  smooth  and  brilliant. 
The  directions  of  cleavage  are  those  of  least  cohesive  hsKO  in  a  crystal ;  it 
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IB  net  to  be  nnderstood  that  the  cleavage  lamellee  are  in  any  sense  preseut 
before  they  are  made  to  appear  by  fracture. 

In  regard  to  cleavage,  two  pririuiplea  may  be  here  stated  : — (a)  .In  any 
species,  the  direction  in  wliich  cleavage  lakes  place  is  always  parallel  to 
Bome  plane  which  either  actnally  occurs  in  the  crystals  or  mai/  exist  there 
in  accordance  with  the  general  laws  which  will  be  stated  hereafter. 

(b)  Cleavage  is  uniform  as  to  ease  paiallel  to  all  like  planes  ;  that  is,  if 
it  may  be  obtained  parallel  to  one  plane  of  a  kind  (aa  1, 1. 1),  it  may  be  ol>- 
tained  with  eqnal  facility  parallel  to  each  of  the  other  planes  1 ;  and  will 
afford  planes  of  like  lastre.  This  is  in  accordance  with  the  symmetry  of 
crystallization.  It  will  be  evident  from  this  that  the  angles  between  planes 
of  like  cleavage  will  be  constant :  thus,  a  mass  of  calcite  under  the  blow  of 
a  hammer  will  separate  into  countless  rhombohedrons,  each  of  which  affords 
on  meagnremeut  the  angles  74"  55'  and  105°  5'.  In  a  shapeless  niasa  of 
marble  the  minute  grains  have  the  same  regularity  of  cleavage  structnre. 
See  further,  p.  119. 

2.    DKSCSIFrtANB  OF   SOUR  OF  THE  8IHFLXB   FOSM8   OF   CRYSTALS. 

PasLOfmABT  DEFiNrnoiis.  J.n^^.— In  the  descriptions  of  crystals  three 
Rinds  of  angles  may  c<fme  onder  consideration,  golid,plane,  and  interfor 
eial.   The  last  are  the  inclinations  l>etween  the  faces  or  planes  of  crystals. 

Axes. — The  crystaMogrcmhio  aseee  are  imaginary  lines  passing  throueh 
the  centre  of  a  crystal.  They  are  assumed  as  axes  in  order  to  describe,  by 
reference  to  them,  the  relative  positions  of  the  different  planes.  One  al 
the  axes  is  called  the  veHical,  and  the  others  the  lateral  /  the  number  of 
lateral  axes  is  either  two  or  three.  The  axes  have  essentially  tlie  same  re- 
lative lengths  in  all  the  crj'stals  of  a  species ;  but  those  of  different  species 
often  differ  widely 

Diametral  planes. — The  planes  in  which  any  two  axes  lie  are  9alled  the 
aadal  or  diametral  planes  or  sections ;  they  are  the  eoo-rdinate  planes  of  an- 
alytical geometry.  They  divide  the  space  about  the  centre  into  aectants; 
into  e^A^  sealants,  called  octants,  \i  there  are  but  two  lateral  axes,  aa  is 
generally  the  case  ;  but  into  tweioe  aectants  if  tliere  are  three,  as  in  hexa- 
.  goiial  crystalline  forms. 

JHagonal  planes  are  either  diagonal  to  the  tAree  axes,  as  those  throngli 
the  ceuti'e  connecting  diagonally  opposite  solid  angles  ef  a  cube,  oi  diag- 
onal to  tioo  axes,  and  passing  through  the  thiH,  as  those  connecting  diag- 
onally opposite  edges  of  the  cube. 

Similar  pUmes  and  edffes  are  such  as  are  similar  in  position,  and  of  like 
angles  with  reference  to  the  axes  or  axial  planes.  Moreover,  in  the  case  of 
similar  edges,  the  two  planes  by  whose  intersootion  the  edges  are  formed, 
meet  at  the  same  angle  of  inclination.  For  example,  all  the  planes  and 
edges  of  the  tetrahedron  (f.  9),  regular  octahedron  (f.  11),  cube  (f.  14), 
rhoiphio  dodecahedron  (f.  19),  are  similar.  In  the  rhombohedron  \i.  IS) 
there  are  two  sets  of  similar  edges,  six  being  obtuse  and  six  acute. 

Soiid  angles  are  similar  when  alike  in  plane  angles  each  for  each,  and 
when  jformed  by  the  meeting  of  planes  of  the  sHine  kind. 

A  combinalion-edge  is  the  edge  formed  by  the  meeting  or  iutersectioi  oi 
twoplaaes.  p  »,.t.nivn^ 
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TT^tTUkitioTi*,  bevdments. — In  a  crystal,  an  edge  or  angle  it  eaid  to  be  rw- 
^j&icerfwheii  the  place  of  the  edge  or  angle  is  occupied  bj  one  or  mora 
planes ;  and  in  the  caee  of  the  Teplacement  of  an  edge,  the  replacing 
planes  make  parallel  intersection B  with  the  including  planes,  tliat  is,  witb 
Uie  direction  of  the  replaced  edge  (f.  43). 

A  replacement  of  an  edge  or  angle  ia  a  truncation  when  the  replacing 
plane  makes  equal  angles  with  the  including  planes.  Thue,  in  f.  6.  «-» 
truncates  the  eago  between  /  and./. 

An  edge  is  said  to  be  bevelled  when  it  is  replaced  by  two  Bimilnr  planes, 
that  is,  by  planes  having  like  inclinations  to  the  adioining  planes.  Thus, 
in  f.  5,  the  edge  between  3, 3,  ia  bevelled  by  the  two  planes  3-3, 3-3,  the  right 
3-3  and  3  having  the  same  mutual  inclination  as  the  left  3-3  and  3.  So, 
in  f.  192,  p.  43,  tne  edge  between  /and  /is  bevelled  by  tlie  planes  i-i,  i-k. 
Truncations  and  bevelraents  of  edges  take  place  only  between  similai 
planes.  Thus  /,  /,  and  3, 3,  are  similar  planes  in  fig,  6.  The  edge  iji  might 
bo  truncated  or  bevelled,  for  the  same  reason  ;  but  not  the  edge  between  1 
and  /,  since  1  and  J  are  dissimilar  planes. 

A  zone  ia  a  aeries  of  planes  in  wnioh  the  cnmhination-edgea  or  mutual 
.  intersections  exeparaUel.  Thns,  in  fig,  3.  the  planes  1,  3,  /make  a  vertical 
zone;  so  in  f.  8,  the  planes  between  1  and  i-i  make  a  zone,  and  this  zon« 
actually  continues  above  and  below,  around  the  crystal ;  in  f.  5,  the  plants 
3,  3-3,  3-3,  3  are  in  one  zone ;  and  i-i,  I,  i-i,  /,  in  another.  On  the  true 
meaning  of  zones,  see  p.  53, 

The  above  explanations  are  preliminary  to  the  descriptions  of  the  forms 
of  all  crystals, 

A.  FoBUS    CONTAINED   CNDEE  FODB 

*  **  EQUAL  TEIANGOLAB    PLAKEB. — A,  Regtt- 

lar  tetrahedron  (f.  '.*).    Edges  six;  solid 
angles  four.     Faces   eqnilateral  trian- 

fles,  and  plane  angles  therefore  60°. 
nterfacial  angles  70"  31'  44".  Kamed 
from  TirpaKii;,  four    times,  and    eSpa, 

2,  ^Aenow?(f,  10).  Faces  isoEceles  triangles,  not  equilateral.  Plane  and 
interfacial  angles  varying ;  the  latter  of  two  kinds,  (a)  two  terminal,  (i)  fonr 
lateral.     Named  from  o-^ijv,  a  "wedge. 

B. — FOKMS    CONTAINED    CNDEE    EIGHT    TBIAKGBLAE    PI,ANEB. — The    Solids 

here  included  are  called  octahedrons,  fi-om  5K7aKK,  eight  times,  and  iSpa, 
face.  They  have  twelve  edges;  and  six  solid  angles.  One  of  the  axes, 
when  they  differ  in  length,  is  made  the  vertical  axis;  and  the  others  are 
the  lateral  axes.  The  solid  angles  at  the  extremities  of  the  vei-tical  axes  are 
the  vertical  or  terminal  solid  angles ;  the  other  four  are  the  lateral,  Tlie 
four  edges  meeting  in  the  apex  of  the  terminal  solid  angle  are  the  terminal 
edges ;  the  others,  the  lateral  or  basal  edges. 

1.  hegular  Octahedron  (f .  11).  Faces  eqnilateral  triangles.  Interfacial 
angles  109°  28'  16" ;  angle  between  the  planes  over  the  apex  of  a  solid 
angle  70*  31'  44" ;  angle  between  edges  over  a  solid  angle  90°.  The  three 
axes  are  equal,  and  hence  either  may  be  made  the  vertical.  Lines  connect- 
ing the  cent-es  of  opposite  iwwi  are  called  the  octahedral  or  trigonal  inter- 
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asxt  ;  and  thoie  coaaeeting  the  centres  of  opposite  edges  tlie  (2mi!i^c^«iira] 
or  rhombiG  vnteraxea. 

2.  Square  Octahedron,  (f.  12,  f.  12a).  Faces  eqnal  isosceles  triangloB, 
not  eqnilatenil.  The  four  terminal  edges  are  equal  and  similar;  an  a  8C 
also  the  four  lateral. 


Tlie  lateral  axes  are  eqiial;  the  vertical  axis  may  be  longer  or  shorter 
than  the  lateral. 

3.  The  rhoi/ibic  octahedron  (f.  13)  differs  from  the  square  octahedTOn  in 
having  a  rhombic  base,  and  consequently  the  three  axes  are  unequal.  The 
basal  edges  are  equal  "and  similar  ;  but,  owing  to  the  unequal  lengths  of 
the  lateral  aies,  the  terminal  edges  are  of  two  kinds,  two  being  shorter 
ind  more  obtuse  than  the  other  two. 

C. — ^FoBMB  CONTAINED  1JNI1EK  SIX  EQUAL  PLANES, — The  forms  hcrc  in- 
clnded  Lave  the  planes  parallelograms  ;  the  edges  are  twelve  in  number 
tnd  equal ;  the  solid  angles  eight. 

1.  uube  (£.  14).  Faces  equal  squares,  and  plane  angles  therefore  90". 
'f^Q  twelve  edges  similar  as  well  an  equal  f  the  eight  solid  angles  similar  and 
eqnal.  Iiiterfacial  angles  90',  The  three  axes  eqnal  and  intersecting  at 
right  angles. 

Lines  coimeoting  the  apices  of  the  solid  angles  are  the  octahedral  or  tri- 
gonal interaxes,  and  those  connectiiig  the  centres  of  opposite  edges  the 
dodecahedral  or  rhombic  interajxa.  If  the  cubic  axis  (=edge  of  the  cube) 
=1,  then  the  dodecahedral  intoraxe^  =  *''2  =1.41421 ;  and  the  octahedral 
interaxes  =  ^3^=  1.73205.  And  if  the  dodecahedi-al  axis  =  1,  then  the 
octahedral  =  1.224745. 


If  >  mba  ia  placed  witb  ths  &pex  of  ooe  angle  Teiticall;  over  that  diagonaJlr  opposite,  tl 
t^  w^  an  ootabednJ  interaxia  Teiticol,  the  parte  are  aJI  sy mmetriciLlly  arranfced  aroDBd 
tsU  vertical  azia.  In  this  position  (f.  15)  the  cube  hnxthreephknes  inclined  toward  one  apex, 
ud  three  toward  the  other  ;  it  hoa  three  Urminnl  edgee  meeting'  at  each  apex  ;  and  six  kita- 
ral  ed^ra  dtoated  symmetrically,  but  in  a  zigxas,  around  the  vertical  azis.  If  lines  are 
drawn  cmmectiiiK  Qie  centres  of  Uie  opposite  lateral  edges,  and  these  are  token  aa  the  lateral 
aiM,  the  lateral  axes,  three  in  nnmber,  wiU  lie  in  a  plane  at  right  angles  to  the  vertical,  oad 
win  Intanwct  at  the  centre  at  angles  of  W°.  The  cube  placed  in  this  podtJouwooldtiienhaT* 
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hedral  interozea  of  aoab«,  the  ratioot  alAberal  azlBto  the  vertioklii 


3.  Ehombohedron  (f,  16  to  18).  Faces  equal  ihombs.  The  twelve  edges 
of  two  kinds;  six  obtiiae,  and  six  auute.  Solid  angles  of  two  kinds  ;  two 
BjminetritULl,  uoneisting  eacli  of  tltree  equal  plane  angles ;  the  other  six  ud- 
Bjmnietrical,  the  plane  angles  enclosing  tiiom  heing  of  two  kinds. 

The  rhoinbohedron  resembles  a  cube  that  Laa  been  cither  shortened,  or 
len^rthened,  in  the  direction  of  one  of  the  octahedral  axes,  the  former  mak- 
ing *n  obtuse  rhombohedi-oii,  the  latter  an  acute;  and  it  is  in  position  when 
thib  axis  is  vertical,  the  parts  being  situated  symmetrically  about  this  axis, 
me  in  the  second  position  of  the  cube  above  deacnbed.  In  an  obtuse  rbom- 
bohedi'on(f.  16, 17),  the  terminal  solid  angles  are  bounded  by  three  obtuse 
plane  angles,  and  the  other  six,  which  are  the  lateral,  by  two  acnte  and  one 
obtuse ;  the  six  tf^rminal  edges  (three  meeting  at  each  apex)  are  obtuse,  and 
the  six  lateral  edges  are  acute.  Conversely,  in  an  acute  rhombohedron  ({. 
18)  tlie  terminal  angles  are  made  up  of  acute  plane  angles,  and  the  lateral 
of  two  obtuse  and  one  acute ;  the  six  terminal  edges  are  acute,  and  the  six 
lateral  o]}tuae.  The  axes  are  a  vertical,  and  thi-ee  lateral;  the  lateral  axes 
connect  the  centres  of  opposite  lateral  edges  and  intersect  at  angles  of  60°. 

The  cube  iu  the  second  position  {f.  15)  corresponds  to  a  rhombohedron 
of  90°,or  is  intermedials  between  the  obtuse  and  the  acute  series. 

D, FoEMS    CONTAINED   UNDEK    TWELVE   EQUAL    PLANES.       1. 

19  Rhombic   Dodecahedron   (f.  19).     Faces  rhombs,  with  the 

plane  angles  109°  28'  16",  70°  31'  44".     Edges  twenty-four, 
all  similar;   interf^ia!  angle  over  each  edge  120°.     Solid 
angles  of  two  kinds  :  (a)  six  acute  tetrahedral,  being  formed 
of  four  acnte  plane   angles;  and   (J)  eight  obtuse  trihedral, 
heing  formed  of  three  obtuse  plane  angles.     Angle  between 
planes  over  apex  of  tetrahedral  solid  *"g|e,  90° ;  angle  between 
edges  over  the  same  109°  28'  16".     The  axes  three,  equal, 
rectangular,  and  therefore  identical  with  those  of  the  i-egular  octahedron 
and  cube.     The  dodecahedral  interaxes  connect  the  centres  of  opposite 
faces ;  and  the  octahedral  the  apices  of  the  trihedral  solid  angles,     riamcd 
from  &^«xa,  twelve,  atid  eSpo,  face. 
20  2.  Pwamidal  dodeGohedron,  or   Quarieotd.     (Called 

also   Dihexagonal    Pyramid,   Isosceles    Dodecahedron.) 
Faces  isosceles  triangles,  and  an-anged  in  two  pyramids 
placed  base  to  base- (t.  20).     Edges  of  two  kinds:   twelve 
equal  ^«7-»U7ui^,  and  eix  equal  basal;  axes,  a  vertical  di^cr- 
ing  in  lengtli  in  different  species ;  and  three  lateral,  equal, 
situated  iu  a  plane  at  right  angles  to  the  vertical,  and  in- 
tersecting one  anotlier  at  angles  of  60°,  as  in  the  riioinbo- 
hedron. 
E. — Fbisms. — Pnsmatic  forms  consist  of  at  least  two  seta 
of  planes,  the  basal  planes  being  unlike  tlie  lateral.     The  bases  are  always 
equal ;  and  the  lateral  planes  parallelograms.     The  vertical  axis  is  nncqna) 
to  the  lateral,     (a)   Three-sided  prism.     A  right  (or  erect)  prism,  having; 
its  bases  equal  equilateral  triangles,    (i)    Fo-ur~»ided prisms.     Four  sided 
prisms  are  citlier  right  (oi-ect),  or  oblique,  the  former  havhig  the  vertical  axti 
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at  right  angles  to  the  base  or  to  the  plaue  of  the  lateral  axes,  and  the  lattoi 

1.  Square  or  Tetragonal  Priwn  (f.  21,  22).  Base  a  square  ;  lateral 
planes  equal.  Edges  of  two  kinds  :  (a)  eight  basal,  equal,  each  contained 
betwceo  the  base  and  a  lateral  plane  ;  (J)  four  latei-al,  contained  between  the 
equal  latenil  planes.  Interfacial  angles  all  90",  plane  angles  90°.  Solid 
angles  eight,  of  one  kind.  Axes  :  a  vertical,  differms;  in,  length  in  different 
species,  aiid  longer  or  shorter  than  the  lateral ;  t^o  latei-al,  equal,  at  right 
angles  to  one  another  and  to  the  verfical,  and  connecting  either  the  centres 
of  opposite  lateral  planes  {f.  21)  or  edges  (f.  22).  The  cube  ia  a  square 
prism  wiUi  the  vertical  axis  equal  to  the  lateral. 


-^-■l-"  "^ 

-^^-« 

-"       I       ^ 


2.  liighi  lihombio  Prism  (f.  23).  Base  a  rhomb  ;  lateral  planes  equal 
parallelograms.  Edges  of  three  kinds  :  (a)  eight  basal,  equal,  and  rectan- 
gular as  111  the  preceding  form  ;  (S)  two  lateral,  obtuse;  and  (c)  two  lateral, 
acute.  Solid  angles  of  two  kinds  ;  (a)  obtuse  at  the  extremities  of  the  oh 
tnse  edge,  and  (o)  acate  at  the  extremities  of  the  acute  edge.  Axes  rect- 
angular, unequal  ;  s  vertical ;  a  longer  lateral,  the  inacrodiagonal  axis 
(named  from  fidxpot,  iarge),  and  a  shorter  lateral,  the  bradiijdiagonal  axis 
(named  itom  ^pax{K,8hort). 

3.  Rigftt  Jiectangula^  Pritm  (f.  24).  Base  a  rectangle,  and  in  conse- 
qnence  of  its  unequal  sides,  two  opposite  latei'al  planes  of  the  prism  are 
broader  than  the  other  two.  Edges  all  rectangular,  but  of  three  kinds  : 
(a)  four  longer  basal ;  (S)  four  shorter  basal  ;  (c)  four  lateral.  Axes  con- 
necting the  centres  of  opposite  faces,  rectangular,  niieqiial;  a  vertical,  a 
maci-odiagonal,  and  a  brachydiagonal,  being  like  tliose  of  the  right  rhom- 
bic prism.  In  the  rectangular  prism,  either  of  the  faces  may  bo  made  the 
basal,  and  either  axis,  consequently,  the  vertical. 

4.  Oblique  Prisma.  Figs.  25  and  26  represent  pi'isms  oblique  in  the 
direction  of  one  axis.  As  seen  in  them,  the  vertical  axis  c  is  oblique  to  tlie 
lateral  axis  d,  called  the  t^inodiagonal  axis  ;  but  h,  the  ortkodiagunal  axis, 
is  at  right  angles  to  both  c  and  a.  Similarly,  the  axial  sections  d>,  ia  are 
matnalg'  oblique  in  their  inclinations,  while  ca,  d)  and  co,  Sa  are  at  right 
angles.  The  clinodiagoual  section  ca  is  called  the  section  or  plane  of  sym- 
metry. 

Tlie  form  in  f.  25  is  sometimes  called  an  oblique  rhomMo  prism.  The 
edgesareof  two  kinds  as  to  length,  but  of  four  kinds  as  to  intenacial  angles 
over  them  :  (o)  four  basal  obtuse ;  (S)  four  basal  acute  ;  (c)  two  lateral  ob- 
tuse :  (d)  two  lateral  acute.  The  prism  is  in  position  when  placed  with  the 
elinodiagcmal  section  vertical. 

Figs.  27  and  28  show  the  doubly  oblique,  or  oblique  rhomhoidal  prism, 
ID  which  all  the  axes,  and  hence  all  the  axial  sections,  are  oblique  to  each 
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other.     All  these  cases  will  receive  further  attention   in  tbo  dceci-iptioit  of 
actual  cryfitalline  forms. 


h 


^ 


The  priBitiB  (in  f.  21,  34,  26,  28)  in  which  the  planes  are  parallel  to  the 
three  diametral  sections,  are  sometimes  called  diaiiietral  prisms.  Thia 
term  also  evidently  iuulndea  the  cube.  The  iplanes  whicli  form  these 
diameti-al  prisms  are  often  called  pinacoida.  Tlie  terminal  plane  is  the 
baeal  pinacoid,  or  simplj  base ;  also,  iil  f.  24  the  plane  (lettered  «-i)  parallel 
to  the  maerodi agonal  section  is  called  the  macropinacoid,  and  the  plane  {i-l) 
parallel  to  the  brachjdiagonal  the  hrackypinacoid.  Li  f .  2G  the  plane  (t-i) 
parallel  the  to  orthodiaguiiul  section  is  called  the  oHhopinacoid,  and  the 
plane  (i-i)  parallel  to  the  clinodiagonal  section  the  cUnopinaooid.  The 
VOT A  pinacoid  ia  from  the  Greek  iriva^,  a  board. 

(c),  Sn-siDKD  Pkism. — TTie  Sexagonal prism. 
Base  an  equilateral  hexagon.  Edges  of  two 
A  kinds:  (a)  twelve  basal, equal  and  similar,  {b)  six 
lateml,  equal  and  similar;  interfacial  angle 
over  the  former  90°,  over  the  latter  120°.  Stwid 
angles,  twelve,  similar.  Axes:  a  vertical,  of 
differeut  length  in  different  species;  three  late- 
ral equal,  intereectiiig  atanglesof  00°,  as  in  the 
■  .  rhombohedron,  and  fjie  dihexagonal  pyi'aTnid  Of 

qnartzoid,  connecting  the  centres  either  of  the  lateral  edges  (f.  29),  or  lateral 
faces  (f.  30). 

3.  Ststzub  of  Cbtbtallizatios. 

The  SYEtems  of  crystallization  are  based  on  the  mathernatical  relations  of 
tJie  fornia  ;  the  ases  are  lines  assumed  in  order  to  exhibit  tliese  I'elatlons, 
tEey^ark  the  degree  o£  symmetry  which  belongs  to  each  group  of  forms, 
and  which  is  in  fact  the  fundamental  distinction  between  tliem.  The  num- 
ber of  axes,  as  lias  been  stated,  is  either  three  or  four — the  iiumlier  being 
four  when  there  are  three  lateral  axes,  as  occurs  only  in  hexagonal  forma. 

Among  the  forma  with  tliree  axes,  all  possible  conditions  of  the  axes  exist 
both  as  to  relative  lengths  and  inclinations ;  that  is,  there  are  (as  has  been 
exemplified  in  the  forms  which  have  been  described),  (A)  aiiion^  or^o- 
metno  kinds,  or  those  with  rectangular  axial  intersections;  (a)  the  three 
axes  equal ;  (b)  two  equal,  and  the  other  longer  or  shorter  than  the  two ;  (c) 
the  thi-ee  unequal ;  and  (B)  amon^  clino metric  kinds,  one  or  more  of  the 
iutersGctions  may  be  oblique  (in  all  of  these  the  three  axes  are  nneqnal^ 
The  systems  ai-e  then  as  follows : 

A.  Axes  three ;  orthometric. 

1.  IsoMBTRio  System. — Axes  eqoa'.  Examples,  cabe,  fibular  oct&li» 
'Iron,  rhombic  dodecahedron 
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8.  T1ETBA.G0KAL  System. — Latei-al  axes  equal ;  the  vertical  a  Taryingazis 
Ex.,  aquare  prism,  sqiiai'e  octahedi-ou. 

3.  Obtiiokhoubic  Ststex. — Axes  unequal.  Ex.,  right  rhombic  prism, 
rectaii^iilur  prism,  rhombic  uutahedroii. 

E.  Axes  three ;  cliiiometrii:. 

1.  MoNocLiNio  System. — ^Axes  unequal ;  one  of  the  axial  intersection 
oblique,  the  other  two  rectangular,     Ex.,  tbe  oblique  prisms  (f.  26,  26). 

2.  "EttiCLiNio  System. — Axes  unequal ;  tliree  of  uie  axial  intersectioiia  ob- 
lique.    Ex., oblique  rbomboidal  prism  (f.  S7, 28). 

0.  Axes  four. — Hf-xaqonal  System. — Three  lalei-al  axes  equal,  intersec^ 
lug  at  angles  of  60°.  Tbe  vertical  axia  of  vai-iable  length.  Example, 
hexagonal  prisms  (f .  29,  30). 

Tha  K>-oalled  Diclinlo  tjaiaai  (two  otiliqne  azei)  U  not  known  to  oocnr,  foT  the  aingle  mb. 
•Unoe,  an  artificial  salt,  mppoaed  to  oTBtallize  in  thissTatem  biiB  been nhown  by  von  Ze[diar- 
roTiab  to  be  triclinia  Hoieover,  tod  Laog,  Quenaledt,  and  othera  have  ahown  mathemjtti. 
oallf  that  there  can  be  aaij  six  diatinct  ijatemft. 

The  six  systems  may  also  be  arranged  in  the  following  groups: 

1.  Isometric  (from  laoi,  equal,  awa  ^thpov,  measure),  tlie  axes  being  all 
equal:  including:  I.  Isomktbio  Systsm. 

2.  Isodiametric,  the  lateial  axes  or  diametei-s  being  equal;  including: 
IL  Teteagonal  System  ;  111,  IlyjcAooNAi,  System, 

3.  Anisometric  (from  aviam.  uneq^ial,  etc.),  the  axes  being  nneqiial ;  io- 
cloding:  IT.  Obthobhombio  System;  V.  Momoclinic  System  ;  VI.  Tbi- 
CLiNio  System. 

A  further  study  of  these  diffeient  systems  will  sliow  that  in  group  1 
^e  crystals  are  formed  or  developed  alike  in  all  three  axial  dii'ec;tiuns;  in 
group  2  the  development  is  alike  in  the  several  lateral  directions,  but  un- 
like vertically ;  and  in  group  3  tlio  ci-ystals  are  formed  unlike  in  all  three 
directions.  These  distinctions  arc  of  the  iiighest  importance  in  relation  to 
the  physical  characters  of  minerals,  especially  their  optical  properties,  and 
are  often  referred  to  beyond. 

Tbe  numbers  (in  Koman  nnmerali)  here  connected  with  the  naiuee  of  the  BTstem  are  often 
naed  in  plaoe  of  the  names  in  the  oonrae  of  this  Trsatise, 
The  syitemB  of  oi^BtoUization  have  been  Tarioosl;  Damad  by  different  antboiB,  as  follom : 

1.  leoMBTRic.  Tewularof  Hoha  and  Hnidinger; /wmtti'ioof  HauBinann;  I'<s«eraJ  of  Nau- 
manu;  Seguiarot  Weimand  Rose;  Cjibie  of  Dufieno/, Miller,  DeaCloizeanx;  MoiunnetrUol 
the  earlier  ediUona  of  Dana's  Sjatem  of  Uineralogy. 

2.  Tetsaoonal.  Pyramid^  ot  Mohs'  Tierg-liedriege,  or  Zvta-und-tinnxige,  of  Weiaa- 
Tttragonal  of  NaoniBJia  ;  MenodtnuirU  of  HauBmonn  ;  Quadraiio  of  von  Kobetl ;  Ditn^rvi  of 
early  editions  of  Dana's  Syst^fcy^ 

t).  EEKAOoyAi,.  Momhohtdr^iSilVLoht;  SechBgliedriee,  or i>r«).tind.«fn(U^eof  Weiss; 
Btxagonai  of  Kanioimn  ■  Mtmotrinttrie  uf  HaoamanD. 

A.  OnTUORiiDUiiic.  Prumatie^  or  Ortiiotype,  of  Moba;  Sin-wiA-tinneigt  of  Weiss; 
Sh/imbie  B.TiA  AtMnnelrieol  HaamayA-^  3>un«£nc  and  Ort/un'/iAraMi;  of  Haasnunn ;  Tiimct- 
Tie  of  earliec  editions  of  Dana's  Syateqi. 

5.  HoHoCLniic.  HemipFunuitie  taiikSemiortliotgpe  of  Moba ;  Zaei-vnd-tinglieilerigt  <A 
Wtinj  Monoelinoh':dTal  of  Naamnnn ;  CHoorhombic  of  t.  Kobell,  Hanamann,  Des  Cloiioaux; 
Ai^i>te  at  Haidiogac ;   Obiiqut  at  Miller,  At^fttotf/innietnt)  of  Qroth. 

6.  TaiCLTNic.  Telarto-prumatie  ot  IILobM  ■  Ein-imd-dngliedgrigt  afVlast;  Tridiaokedml 
sf  Nanmnnn ;  CUnorhomboidal  of  t.  Eobell ;  AnorihK  at  Haidingei  and  HQler ;  Anwrtiiie,  m 
Hoti^  ObUqfte,oiiietC\aiaeKa.;  Atg^gnMrie,  at  Oiotb. 
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4.   LaWB  with   BBFBBISNOK  TO   THE  PL&NEB   OE    CbYBTALS. 

The  lawB  with  reference  to  the  positions  of  the  places  of  cij-atals  are  two: 
firet,  the  Urn  of  simple  mathematical  ratio;  secondly,  ^«  &iw  of  symmetry. 

1.  ToB  Law  of  bdipi.b  Mathkhaticaii  Batio. 

The  cryBtalloeraphic  axes  fefford  the  means,  after  the  inethoda  oi  analyti- 
cal geometry,  of  expressing  with  prooiaioii  the  relative  p(«ili(jii8  of  the 
planes  of  crystals,  and  so  exhibiting  the  matliematical  ratios  pertaining  to 
crystallization.  These  axes,  aa  has  been  stated,  are  supposed  to  jiass  through 
the  centre  of  the  crystal,  and  every  plane  must  iutereeut  one.  two,  or  three  ~ 
of  thera.  The  position  of  a  plane  is  obviously  deteimined  by  the  positioii 
of  the  points  in  which  it  meets  tlicae  axes. 
Tlius  the  plane  A  B  C,  f .  31,  meets  the 
three  axes  at  the  points  A,  B,  and  C,  and 
its  position  is  determined  by  the  dis- 
tances O  A,  O  B,  O  C,  intercepted  be- 
tween these  points  and  the  eeutro  O. 
Similarly  the  plane  A  B  D  meets  the 
axes  in   the  pomts  A,  B,  and  D,  and  its 

Seition  is  detcrmiued  by  tlie  distances 
A,  O  B,  O  D ;  and  in  the  same  manner 
with  any  other  plane.  On  the  crystals 
of  a  given  species  the  oc<.-un-ing  planes 
have  exact  numerical  relations  to  each 
other,  and  it  is  tn  show  these  relations 
tliat  certain  lengths  of  the  axes  are 
assumed  as  units.  Thus,  in  the  case 
already  given  if  O  C,  O  B,  O  A,  or  more 
brieiiy  o,  b,  a,  are  the  lengths  of  the 
axes*  (strictly  speaking  semi-axes)  for  a 
given  species,  then  the  position  of  the 
fint  plane  is  expressed  by  Ic  :  1}  :  la ;  that  of  the  second  by  2c  :  1&  :  la 
(if  0I)=20C),  and  still  another  plane  might  be  2(j :  2i  :  la,  and  so  on. 
Consequently  the  general  position  of  any  plane  may  be  expressed  by 
mo;fu>;  ra,\  or  more  simjny  mc  :  ni  :  a,  as  every  plane  is  for  simplicity 
supposed  to  meet  one  of  the  axes  at  the  unit  distance.  In  the  lii-st  case 
mentioned  above,  m  =1  and  n  =  1  ;  but  in  general  rn.  and  n  may  vary  in 
value  from  zero  to  infinity.  The  law  of  simple  mathematical  ratio,  how- 
ever, requii-es  that  m  and  n,  which  express  the  i-atioe  in  the  lengths  of  the 
axes,  should  be  invariably  rational  numiera,  and  in  general  they  are  either 
10^0^  numb^s  or  simple  fractions. 

This  principle  may  be  stated  as  follows  : 

The  position  of  the  planes  in  a  given  crystal  is  related  in  some  aitr^le 
ratio  to  the  relative  lengths  of  the  axes. 

"  Tbe  T«rtacBl  Bxisii  thronghont  oallod  e,  Mep.  SS. 

t  II  !■  more  ntniRl,  kud  AnAlTtltallr  mora  oonect,  to  write  thl«  axprsMloa  fw  :  nt :  tM; 
bat  u  the  luiuJ  •j'nibola  take  the  form  nt-n,  the  order  of  tbtt  tcnni  nied  bare  and  elMwlma 
iBMOie  ooarenlent 
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This  enbject  will  become  clear  in.  the  aubeequent  Btiidj  of  ilie  difiereol 
erjBtalline  forms;  in  paisBing,  however,  reference  maybe  made     ■ 
to  f.  33  (zircon)   aa  a  single  example.     The  planea  lettered  1  ^ 

utd  3  have  reapectively  the  poeitione,  lo  :  lb  ;  la,  and  3e :  16 :  la,  ^ 
%ud  in  the  second  case  the  vertical  axis  has  exactly  three  times  0^^\ 
the  length  of  that  of  the  former ;  any  such  midtipfea  as  2.93  or  ?|  | 
3.07  are  crystal It^raphically  impossible.  It  is  this  principle  1  |  J 
which  makes  cryBtailograpny  an  exact  mathematical  science.  '^W' 
Some  apparenT  exceptioua,  such  as  occasiuuallj~(icuiir,  do  not  at  ^*^ 
all  set  aside  this  rule. 

The  expi'essiou  mo  :  ni  :  a  is  called  the  eymhol  of  a  plane,  aa  it  expressei 
its  exact  mathematical  position,  and  the  values  of  m  and  n  are  called  its 
■parameters.  If  a  plane  intersects  two  of  the . axes,  but  not  the  third,  it 
IB  parallel  to  it,  and  malliematically  it  is  said  to  cut  it  at  infinity  (%)  ; 
hence  the  general  expressiuu  for  a  plane  parallel  to  tlie  vertical  axis  a  (as  in 
f.  33)  will  oe  «>  6' :  ni  :  o,  or  oo  o  :  6  :  no,  accoi-diug  as  o  or  fi  is  taken  aa 
the  unit ;  for  a  plane  pai-allel  to  the  lateral  axis  b  (aa  in  f.  34),  it  will  be 
mc:vih\a\  if  parallel  to  the  lateral  axis  a  (as  in  f.  35),  mc  ;  i  :  co  a. 

If  a  plane  is  parallel  to  two  axes,  iando,  uiat  is,  intercepts  theae  axes  at 


an  infinite  distance,  its  position  is  expressed  by  o  :  ao  i  ;  co  a,  as  is  Illiis 
trated  by  f.  86 ;  again,  ita  position  is  expreased  by  oo  o  :  &  :  as  a,  if  parallel 
to  e  and  a ;  and  by  m  c  :  <»  fi  :  a,  if  parallel  to  <;,  d.  These  may  idao  be 
written  Oo  :  A  ;  o,  etc. 

The  following  important  principle  87 

should  be  kept  in  mind.  Ther^^fcizM^^ 
not  the  absolute  position  of  any  plane 
has  to  be  regarded,  and  hence  all 
planes  parallel  to  each  other  are 
crystallogi-aphically  identical.  A 
plane  on  the  angle  of  the  cube  is  the 
same,  if  the  mutual  inclinations  re- 
main unchanged,  whether  large  or 
small,  for,  tliough  the  actual  distances 
cut  off  on  the  axea  m&y  differ  in  each 
case,  the  ratios  of  these  axes  are  iden< 
tical.  Again,  in  f,  37,  the  three  planes, 
tc :  4A  I  2a,  and  2c  :  2J  :  a.  and  e : 
( :  ^  are  identical,  for  the  ratios 
of  the  three  axes  are  the  aame 
ihronghont,  the  planea  being  of  couree 
imralleL    Similarly  the  symbol  lo  :  fJ  :  ia  may    be  writbe^^^^f^iJ^a, 
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and  c:  aoi:  aoa  »  the  Bame  &8  Oo:b-.  a.  It  will  be  seen  that  this  priu- 
ciple  makes  it  right  to  regard  every  plane  as  meeting  one  of  the  axes  at 
tho  unit  distance  from  the  centre,  which,  as  before  stated,  redncca  the* 
goueral  expression  of  any  plane  moifii-.ra  to  the  simpler  form  mc.  nb :  a, 
or  nm :  b '.  na. 

The  principle,  which  has  just  been  stated,  also  makes  it  evident  that  when 
the  axes  are  all  equal,  tbey  are  not  necessarily  considered  iu  naming  the 

IKieitioii  of  any  plane ;   when  the  lateral  axes  alone  are  equal,  a  certain 
engtli  of  the  vertical  axis  must  be  assumed  for  each  species  ;  and  when  all 
tlie  axes  are  unequal,  certain  lengths  for  two  of  the  axes,  expressed  in 
•  terms  of  tho  third  axis,  must  in  every  case  be  adopted. 

Hence  the  fundamental  foi~nh  of  any  species  may  be  leearded  as  that 
octahedron  whose  axes  con-espond  in  i-elative  lengtlis  with  the  axes  c,  b,  a 
adopted  for  the  species.  The  faces  of  this  octahedron  intersect  the  axes  at 
distances  from  the  centre  equal  to  no,  nl>,  na  (or  c  :  J  :  a)  resjjectively,  and, 
since  the  ratio  of  the  coefficients  which  expresses  the  position  of  these 
planes  is  1:1:1,  this  form  is  also  called  the  unit  octahedron.  But  the 
form  is  not  necessarily  fundamental ;  for  it  is  frequently  more  or  lees  arbi- 
trarily assumed,  and  the  structure  or  genesis  of  the  crystals  of  a  species  may 
point  to  other  forms,  having  very  different  axial  relations,  as  will  appear 
from  facts  stated  beyond. 

II0DBJ.B,— Foi  clear  illnstiBtion  of  the  axes  and  axial  ratiue  of  pUnee  it  U  welt  to  have 
modela  oi  the  axea  made  of  xods  of  wood  miMiised  and  glaed  togetlierat  the  crosuug  at  ceotie. 

The  rods  ma;  be  half  an  inch  in  diameter  and  10  or  13  iuoheH  long ;  tor  the  leometrio  afstem, 
three  equal  rode,  any  12  inches  long ;  for  the  Tetragonal  syBtein,  two  of  IS  inches  foithe 
lateral  uxeHandone  of  8  or  14  inches  for  the  vertical ;  tor  the  Orthorhombic,  one  of  10  inche* 
for  Bxis  A,  one  of  10  inches  for  aii*  0,  and  one  of  14  inches  for  axis  a.  (Either  azia  maj  be 
mode  the  vertical  by  wai;  of  change. ) 

For  the  Clinoniclric  sjBtems,  nmke  a  second  model  like  tbat  for  the  Orthorhombic  sfatem, 
bnt  with  the  rods  but  loosely  mortised  and  tied  together,  so  as  to  admit  of  a  little  moTemeoi 
ac  centre.  Then,  the  model  when  in  its  more  ontural  poeition  will  be  that  of  the  orthothom- 
bio  SfEteni,  the  intersections  being  all  rectangular.  But  by  poshing  the  front  n<d  a  down  in 
the  plane  of  ea,  making  it  thus  oblique  to  e  while  at  right  angles  to  i,  the  model  will  repre- 
sent the  monociiolo  axes  ;  if  all  the  inl«iBtn3tionB  of  the  rods  are  obliqoe,  the  model  will 
wptesent  the  axea  of  the  Triclinio  system. 

Now  by  taking-  a  lai^e  piece  of  thicic  paateboard,  and  placing  it  in  different  position*  with 
leference  to  the  three  axea,  the  relations  to  the  varions  planes  may  be  readily  illustrated. 

Models  of  the  varioos  forms  of  ciystols  are  also  of  the  highest  importance  ;  and  the  beat 
for  general  iUastration  are  those  made  of  plate  glaas,  some  of  them  having  the  positions  of 
the  ikxes  within  indioateJ  b;  threads,  and  others  conaiating  of  one  form  inside  of  another  to 
■how  their  mutual  relations.  Snch  glnaa  models  (flrat  made  by  Professor  Dana,  in  1835, 
and  recommended  in  the  first  edition  of  his  Hineral<^)  are  now  mannfactured  of  great  per- 
fection <at  ^iegen,  in  Germany. 

Pasteboard  models,  likewise  nseful  uds  to  the  study  of  cryatallography,  are  easily  made 
from  the  ontlines  of  the  focea  of  the  various  fonns,  which  have  been  prepared  by  varions 
authors. 

Models  cat  in  hard  wood  representing  the  actual  forms  of  the  various  mineral  species  kre 
very  valuable,  when  aoonratelj  made.  They  not  only  show  the  relatione  of  different  planes, 
but  maj  also  be  advant^«oiu]y  used  to  give  the  atadent  practice  in  the  mathematical  cal- 
oolations  of  the  axes  and  parameters,  the  angles  being  measnred  by  him  as  on  on  aatual 
oryetaL  Such  models  have  the  advantage  of  being  of  oonvenient  siio.  and  symraeMoaKy 
(oimod,  which  are  c^ditions  not  often  realized  in  the  dyatala  famished  bj  nature. 

S.  Law  of  Symkstbi, 
The  symmetry  of  crystals  i«  baaed  npon  the  law  that  either  i      v 
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f.  .^  parte  of  a  orystal  simUar  in  position  vnth  rerference  to  the  oflstA 
are  aim,iJar  in  planes  or  mod^icatioTi,  or 

II.  Each  half  of  the  aimilar  parts  of  a  orystal,  altemaie  or  aj/tniaetri- 
oalin position  or  relation  to  the  other  half,  may  be  alone  similar  in  itt 
planes  or  fnodijicatiovs. 

Tho  forms  resulting  according  to  tbo  first  method  are  termed  holoh*- 
dral  forms,  from  o\o^,  all,.  SSpa,  face ;  and  those  according  to  the  secoad, 
hemihedral,  from  ^fuam,  half. 

According  to  tho  law  of  full  or  holohedral  Bymmetrr,  each  sectant  in  one 
of  the  rectangakr  systems  (o)  should  have  the  same  planes  both  as  to  nam- 
ber  and  kind  ;  and  (b)  whatever  the  kinds,  in  oach  sectant  there  should  be 
aa  many  of  each  kind  aa  are  geometrically  possible.  But  in  hemiliedrism. 
either  (a)  planes  of  a  kind  occur  only  in  half  of  the  sectanta ;  or  else  (J) 
half  the  full  number  occnr  in  all  tho  sectants. 

In  the  isometric  system,  for  example,  if  one  solid  angle  of  a  cube  has 
npon  it  a  plane  equally  inclined  to  the  diametral  sections,  so  will  each  of  the 
other  angles  (or  sectants)  (f.  39-42), 

If  one  of  the  twelve  edges  of  the  cube  has  a  plane  equally  inclined  to  the 
enclosing  cubic  faces  (or  diametral  planes)  the  otbera  will  have  the  same 

Again,  one  of  the  solid  angles  of  a  cube  being  replaced  by  six  planes,  as 
in  f.  TO,  thiit  law  requires  that  the  same  six  planes  should  appear  on  all  the 
other  solid  angles. 

But  under  the  law  of  hemihedrism  these  planes  may  occur  on  halt  the 
•olid  angles  of  the  cube,  and  not  on  the  other  half,  as  in  f.  87,  or  lialf  the 
full  number  of  planes  may  occur  on  all  the  angles,  as  in  f.  101.  This  subjert 
is  farther  elucidated  in  the  discussion  of  the  hemihedral  forms  belonging 
to  each  system  of  crystallization. 

Hkhihkdbism  is  of  various  kinds : 

1.  SblomorpMc,  in  which  the  occuring  planes  pertain  equally  to  both 
the  upper  and  lower  (or  opposite)  ranges  or  sectnnts,  as  in  all  ordinary  hemi- 
hedral forms. 

2.  Ilemimorphic,  in  which  the  planes  pertain  to  either  the  upper  or  the 
lower  range,  and  not  to  both,  and  hence  the  planes  are  only  half  enough  of 
the  kind  to  enclose  a  space,  whence  the  term  hemimarpjiio,  from  rjfuaiK, 
half,  and  fiip^,form. 

Tlie  holomorphic  forms  may  be  either : 

A  Hemihohh^dral,  half  the  sectants  having  the  full  nnraber  of  planes, 
or 

B.  Holohemihedral,  all  the  sectants  having  half  the  whole  number  of 
plan». 

/igain,  as  to  the  relative  positions  of  the  sectants  containing  the  planet, 
the  forms  may  be : 

a.  Verti^lly-direct,  in  which  the  sectants  of  the  upper  and  of  the  lower 
fMiges  are  alternate,  but  the  upper  not  altemafe  witli  reference  to  the  lower, 

n  .J  ii/j'- ■;■-  V-  it.n.is;n^ 
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hud,  accordingly,  each  plane  above  ia  in  the  same  vertichl  zone  with  ft  l)k« 
piano  below  ;  as  in  forms  described  on  pp.  34,  S5. 

b.  Vertically-alternate,  in  which  the  sectantB  of  the  npper  and  lower 
»ngeB  arc  alternate,  and  also  the  upper  are  alternate  with  reference  to  the 
lower,  and,  accordingly,  each  plane  above  is  not  in  the  same  vertical  zone 
with  alike  plane  below;  as  in  the  tetrahedron  (f.  9),  rhombohedron  (f.  16), 
Mid  gyroidal  fonns  (f.  182J. 

c.  VertuxUly-oblique,  in  which  the  sectanta  of  the  upper  and  lower  i-anges 
are  oi^'tzoen^,  hut  the  upper  are  fiita&teA  diagonally  vii\\i  reference  to  uie 
low£,  being  on  the  opposite  side  of  a  trans^'crse  diametral  or  diagonal 
plane  ;  as  in  heinihedrone  of  jnonoplinic  habit  under  the  orthorhoiabic 
system  (p.  45).  \ 

TetartohedrisTn. — Uathematically  th^rhombohedron  ia  a  hemihedron  un- 
der the  Iiezagonal  ayateni,  consequently  tAo  forms  that  are  hemihedral  to  tiiie 
rhombohednni  are  tetariohedrons,  or  quarter-fonna.     See  p.  39. 

Tetartohedral  forms,  or  those  with  one-fourth  of  the  normal  number  of 
planea,  have  also  been  observed  in  the  Isometric  system.  The  terra  mero- 
hedri^m,  from  fiipot,  part,  and  ^pa,  face,  has  been  naed  in  place  of  liemi- 
hednsm,  to  include  bom  this  and  tctajitohedrism. 


L— ISOMETMO  STPTEM^  . 

A.  Hohhedral  Forma. 

In  the  IsduBTBio  ars-rKH  the  axes  are  equal,  so  that  either  one  may  be  the 
vertical  axia,  and  each  may  be  called  a.  It  has  already  been  shown  that  the 
general  expression  for  any  plane  meeting  the  axes  0,  o,a  is  me  :  n&  :  a ;  and 
in  this  system  it' will  be  ma  :na:  a,  or,  since  the  axes  are  equal,  simply 
m:n:l.  Now  it  has'  been  shown  also  that  accoi-ding  aa  a  plane  intei-sects 
the  several  axes  at  different  points,  or  ia  parallel  to  one  or  more  of  them, 
this  fact  is  indicated  by  the  valnen  given  for  m,  and  n  in  each  case  (p.  11). 
Hence  expressions  for  all  the  forma  geometrically  possible  in  this  syatcm 
will  be  obtained  if  to  m  and  n,  in  the  general  expression  ma  :  na:  a,  auccee- 
sive  values  are  given.  These  values  may  be  in  thia  ayslem,  0, 1,  a  number 
greater  than  1,  or  oo .     In  thia  way  are  derived : — 

1.  m:  ml  [m-n]  when  m  and  n  have  both  different  value?  greater 
than  unity. 

5.  ffi :  m  :  1  [m-m]  when  m  >  1,  n  =  tti. 
8.  m  :  1  ;  1  [m]  when  m  >  1,  n  =  1. 
4.  1:1:1        [l^  when  m  and  n  ss  1. 

6.  00  :  n  :  1  [^-n]  when  m  =i  ao,n  >  1. 
8.  00  :  1 : 1        [i]  when  m  =  oo ,?»  =  1. 

7.  00  :  00  ;  1  [5^]  when  m  and  n  =  ca. 

In  iattaijtig  the  plnnM  of  the  eeTeial  foimi  onlj  the  nMntlal  pftrt  of  the  quibol  ii  used:  Q't 
eabo  li  H  (bexahedron} ;  the  octahedron  I(=l  ;  1  :  1) ;  the  dodecahedron  *  [as  :  I  ;  1),  ft 
«aiidafoTinfl)i%);  mbMadfocthoploDM  tn  :1  :  1  ;  m-m  for  m:  mi  1:  i-ntmac  i  »:  1- 


R-n  lor  m  :  n  :  1.  TIum  ■emboli  u«  the  Btune  at  thoM  of  Numuum,  nraept  that  he  wiota 
CD  instead  ot  f  for  infliiit7,  and  introduoed  also  the  letter  0  (ootahednm)  m  the  drai  of  th< 
qMem- aoO«  of  hiaayatem=if;  0=1  ;  so  0=t  ;  m  0=m;  m  0  msm-m,  ccO  n=f-n. 
■jid  m  O  n=tn-tt. 


Kach  of  these  oxpreaBiona,  appearing  at  firet  eight  possiblj  a  little 
obscure,  may  be  tranelated  intu  eimple  laiignage. 

Ci^. — Tne  cube  with  the  Bymbol  co  :  oo  :  1,  ia  composed  of  planes  each 
one  of  which  ia  parallel  to  two  of  the  axes,  and  meets  the  third  at  its  unit 
point  (see  f.  36),  It  ie  evident  that  there  are  six  anch  planee,  one  at  each 
extremity  of  the  three  axes,  and  the  ligure  or  cryatal  which  is  enclosed  by 
these  six  planes  has  already  been  described  (p.  5)  as  the  cvAe  (f .  38). 

Ootahadron.^The  symbol  1:1:1  comprises  all  those  planea  which  meet 
the  three  axes  at  the  same  diatance,  that  is,  cut  oS  the  unit  length  of  each. 
It  is  evident  that  there  must  be  eight  such  planes,  one  in  each  octant,  and 
they  tt^ther  form  the  regular  octahedron  (f.  42),  which  has  already  been 
described,  p-  4. 

Dodecahedron Tlie  symbol  oo  1 1 : 1  includes  those  planea  which  inter- 
cept two  of  the  axes  at  the  same  iniit  distance,  and  are  parallel  to  the 
third.  There  can  be  twelve  planes  answering  to  these  conditiunis,  and  they 
form  together  the  dodecahedron  (f.  45,  see  also  p.  6). 

These  three  forms,  the  cube,  octahedron,  and  dodecahedron,  are  those 
most  commonly  occurring  in  this  system,  and  it  is  important  that  their  rela- 
tion should  be  thoroughly  understood.  The  transitions  between  these  forms, 
as  they  modify  one  another,  are  exliibited  ui  the  following  figures : 


Figs.  38  and  42  represent  the  cube  and  octahedron,  and  39,  40,  41,  the 
intermediate  forms.  Slicing  off  from  tliu  eight  angles  of  a  cube  piece  after 
piece,  snch  that  the  planes  made  are  eqnally  inclined  to  i/^  or  the  cubic  face^ 
llie  cube  is  finally  converted  into  tne  regular  octaiiedrnn  ;  and  the  last 
:liBappearing  noint  of  eatjh  face  of  the  cube  is  the  apex  of  each  solid  angle 
I'f  the  octahearon.  The  axes  of  tlie  former,  therefore,  of  necessity  connect 
the  apices  of  the  solid  angles  of  the  latter. 

The  form  in  f.  40  is  called  a  cvJio-octahedron.     //A  1-125°  15'  52''. 

If  the  twelve  edges  of  the  cube  are  truncated  (for  all  will  be  truncated  ii 
tie  ia)  it  affords  tue  form  in  f.  43 ;  then  that  of  f.  44  :^  tlien  tlye  <J(^l<,ratp 
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dnm,  f.  45 ;  the  axes  of  the  cube  becoming,  in  the  transition,  the  axes  oon 
necting  the  tetrahedral  solid  angles  of  the  dodecahedron  ;  J9"  A  i  =  135".  II 
tlie  twelve  edges  of  the  octahedron  (f.  42)  are  truncated,  the  form  iu  f.  47 
results  ;  and  By  continuing  the  replacement,  finally  the  dodecahedron  again 
is  formed  (f.  45).  1  A  i  =  144°  44'  8".  The  last  point  of  the  face  of  the 
octahedi-oii,  as  it  disappears,  is  the  apex  of  the  trihedral  solid  angle  of  the 
dodecahedron. 

Those  forms  are  thus  mutually  derivable.  The  process  may  be  reversed, 
the  cube  being  derivable  from  the  dodecahedron  by  the  truncation  of  the 
tetrahedral  solid  angles  of  the  latter  (compare  in  succession  f.  45,  44,  43, 
3S) ;  and  the  octahedron  by  the  truncation  of  the  trihedral  solid  angles 
(compare  f.  45,  47,  42).  These  remarks  are  important  as  showing  the  rela- 
tions between  these  forms,  though  it  is  of  course  not  intended  to  oe  nnder- 
etood  that  they  are  in  any  sense  derived  from  each  other  in  this  manner  in 
nature. 

The  three  axes  (or  cubic  axes)  connect  the  centres  of  opposite  faaea  in  t/u 
oube  ;  tlie  apices  of  opposite  solid  angles  in  the  octaLedron;  the  apices 
of  opposite  tetrahedral  solid  angles  in  the  dodecahedron. 

The  eight  trigonal  or  octahedral  interaxea  connect  the  centres  of  opposite 
■fa/sea  in  the  octahedron  y  the  apices  of  opposite  solid  angles  in  the  cube  ; 
the  apices  of  opposite  trihedral  solid  angles  in  the  dodecahedron. 

The  twelve  rhombie  or  dodecaAedral  interaxes  connect  the  centres  of  op- 
posite faces  in  the  dodecahedron  ;  the  centres  of  opposite  edges  both  in  the 
cube  and  the  octahedron. 

In  a  vertical  section,  containing  each  of  these  kinds  of  axes,  the  octahe 
dral  intcraxis  intersects  one  of  the  three  cubic  axes  at  the  angles  54°  44'  b 
and  135*  15'   52",   and  one  of  .the 
dodecahedral  interaxes,  at  the   an-  *8 

gles  35°  15'  52"  and  144''  44' 8". 

There  remain  four  other  holohe- 
dral  forms  belonging  to  the  system 
as  contained  in  iJie  fist  on  page  14. 

Trisoctahedrons.  —  The  symbol 
m :  1  ;  1  is  of  that  solid  each  of 
whose  planes  meets  two  of  the  axes 
at  the  unit  distance,  and  the  third 
axis  at  some  distance  which  is  a 
multiple  of  this  unit  length.  It  will 
be  evident,  as  in  f.  48,  that  there 
are  three  such  planes  in  each  of  the 
eight  8ectant«,  and  hence  the  total 
number  of  planes  by  which  the  solid 
is  bounded  is  twenty-four.  The 
resulting  solid  is  called  a  trigonal 
trisooia/iedron,  and  one,  having 
TO=:|,  is  shown  in  f.  49. 


to  wfll  be  found  a  vety  valuable  piaotU*  for  the  stadent  \o  ooastmot  the  Bguros  o*  Um 
•oeoMdTO  «l7*taUiiis  (omu  in  thia  war,  lajittg  oft  the  proper  lengthH  of  tbe  wreral  axM  and 
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Tlic  Bjinhol  m  ;  m  :  1  belongs  to  all  the  planea  which 
meet  one  axis  at  the  unit  distance,  and  the  others  at  equal 
distnnceB  which  are  multiples  of  the  former.  Asseeninthe 
preceding  case,  there  will  bo  three  such  planes  in  each  of 
the  eight  sectants,  and  the  total  nuiubei'  conBenneutly  will 
be  twenty-four.  The  solid  is  seen  in  f.  50,  and  is  called  a 
t^ragonal  triaoctafiedron,  or  a  trapezohedron. 

Both  these  forms  aie  called  tnaoctahedrons, from  rp\i,  thres  times,  and 
octahedron,  because  in  each  a  three-sided  pyramid  occupies 
the  position  t>f  the  planes  of  the  regular  octahedron.  They 
are  closely  related  to  each  otiier ;  starting  with  the  form 
m  :  1  :  1,  if  m  is  diminished  till  it  equals  unity,  then  the 
symbol  becomes  1:1:1,  that  is,  it  has  passed  into  the  octa- 
litedroii-  If  m  becomes  less  than  unity,  the  symbol  may  be, 
for  example,  ^  :  1  :  1,  vhich  is  identical,  as  has  been  ex- 
plained (p.  11)  with  1:2:2  (2-2),  and  tliis  is  the  symbol  of 
the  second  trisnctahedron.  This  explains  why,  in  the  Jiret  list  comprising 
all  the  possible  forms,  m  was  in  no  case  made  lees  than  unity. 

Trifftmal-trisoctnAisdron. — In  this  form  the  solid  angles  are  of  two 
kinds:  the  trigonal  or  octahedral,  and  the  octaronal  or  cubic.  The  edges  are 
thirty-six  in  narabei',  twenty-fonr  of  one  kind,  forming  the  octaliedral  or 
trihedral  solid  angles,  and  twelve  edges  meeting  at  the  extremities  of  the 
cubic  axes.    Each  of  the  twenty-four  planes  is  an  isosceles  triangle. 


In  combination  with  the  cube,  the  fonn  2  appeai-s  as  a  replacement  of 
each  of  the  solid  angles  by  three  planes  equally  inclined  on  the  edges  ;  this 
is  seen  in  f.  52.  With  the  octahedron,  it  appears  as  a  bevclment  of  its 
twelve  edges,  as  shown  in  f.  53.  It, also  replaces  the  eight  trigonal  solid 
angles  of  a  dodecahedron  by  three  planes  inclining  un  the  faces.  The  r-i--" 
oimmontv  occurring  examples  of  this  form  are  2  (=2  :  1  :  11,  also  \  \ 
:l:l),and3(3:l:l). 

The  Tetrag/mal-trUodalmdron  or  tni])ezo]icdron,hii^tiirec  kinds  of  soud 
anploa:  six  cubic,  whose  (runcationsiirc  cubic  fiic^  (f.  ."iti) ;  ei^'lii  fictahe- 
(jrJ,  wh<ise  truncations  are  Oi'.lubcdral  facca  (f.  .'I'ii ;  twelve  do'li-'-ahcdni':, 
truncate<l  iiy  tbo  dixlecahednil  ]>lauc3  (i'.  (10).  It  ban  forty-eiglit  udpcs; 
tweufy-four  of  one  kind,  those  of  the  trihedial  or  octahedral  sulid  anjilt;!^, 
and  tlie  remaining  twenty-four,  also  of  one  kind,  meeting  in  the  cubic  solid 
angh)3.     Each  of  the  twenty-four  faces  is  a  quailrilateral. 

in  combination  with  the  cube  it  is  seen  in  f.  .'i."*.  5ti,  api>earing  as  a-re 
placeineut  of  each  of  the  solid  angles  by  tlii-ce  planes  e(pially  inclined  on 
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tlio  faces  of  the  cabe.  Figs.  56,  57, 58,  59,  60,  62,  aleo  show  it  in  com 
biiiation  with  the  octahedron  and  dodecahedron.  The  most  commonly 
occuniiigof  this  Beriee  IB  2-2  (=3  :  2  :  1),  f.  54;  as  seen  in  f.  59,  it  tmncatei 
the  twenty-four  edges  of  tlie  dodecahedron.     On  the  other  hand  the  form 


}-S  would  ]'ep1ace  the  trihedral  solid  angles  bj planes  inclined  on  the  edges, 
while  3-3  rcplacee  (f.  62),  the  tetrahedm  solid  angles  of  tlie  dodecahedron, 
by  planes  alsi>  inclined  on  the  edges. 

Tetrahexahedron. — The  a^mbol  oo :  »  :  1  (t-;i)  belongs  to  all  the  planes 
which  are  parallel  to  one  axis,  meet  a  second  at  the  unit  distance,  and  the 
third  at  some  multiple  of  that.  There  are  twenty-four  planes  wliich  satisfy 
tliese  conditions,  and  t\\ey  ionn^e  tetrahexahedron ;  f.  64,65, repi^esent two 
varieties  of  tett-ahexahedrons.  It  will  be  seen  that  the  planes  arc  so 
arranged  that  a  square  pyramid  corresponds  to  each  of  the  six  faces  of  the 
cube ;  and  hence  the  name  from  reriwMew,  four  times,  tff,  six,  and  l&pa, 
fiice,\\,  being  a  4xtj-faced  solid,  Tne  tetrahexahedron  has  six  tetrahe- 
dral  solid  angles  and  eight  hexahedral  or  octahedral  solid  angles.  There  are 
twenty-four  edges  of  one  kind  forming  the  former  solid  angles,  and  twelve 
edges  occupying  the  position  of  the  cubicedges.  ■  Each  of  tlie  twenty-four 
faces  is  an  ieoBceles  triangle.  In  combination  with  the  cube  it  produces  a 
bevelment  of  its  twelve  edges,  as  represented  in  f.  64. 


The  ferrahexalu'ilnm,  in  f.  65,  lettered  i-2,  has  the  symbol  qo  :  2  :  1 ;  and 
thatof  f.  66,  letteitd  i-3,  ao;  3  :  1.  Some  of  the  other  occurriug  kimlsare 
those  with  the  ratios,  2  :  3, 3  :  4,  4  :  5,  etc,  etc. 

The  relation  of  the  tetrahexahedron  to  the  octahedron  is  shown  in  f.  67 
By  comparing  this  figure  with  f.  42,  it  is  seen  that  the  planes  i-'l  rej  lace 

nuii/c-:;'.  V-i».»l.'S;iV- 
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Uu  solid  anelesof  the  octahedron  by  planes  inclined  on  its  edges.  Ite  rela- 
tion to  the  dodecahedron  is  pr^eutcMi  in  f.  68,  which  is  a  dodecahedroc 
(planes  i  being  the  dodecahedral  planes,  see  f.  45)  with  the  tetrahedral  solid 
augles  replaced  by  fonr  planes  inclined  each  on  an  i. 

The  tetrahexahedrun  is  called  a  fluoroid,  by  Haidinger,  the  form  heme 
oomnion  in  fluorite.  It  is  the  Teirakiahexahedron  (or  Pyramideiiwiirfe5 
of  Naamann. 

In  accordance  with  considerations  already  presented  it  is  evident  that  n, 
in  the  symbol  i-n,  may  always  be  written  as  a  whole  number,  for  the  symbol 
00 :  .i  :  1  is  idQiitiual  with  '>3 :  1  :  2,  Moreover  it  is  seen  that  when  n  is  <n , 
the  form  passes  into  the  cahe  (« :  ki  :  1),  and  as  n  diminishes  and  becomes 
anity,  it  passes  into  the  dodecahedron  (oo :  1  :  1). 

Hexoctahedron. — The  ^ueral  form  m  '.  n  includoa  the  largest  number 
of  similar  planes  geometrically  possible  in  this  system.  This  symbol 
requires  six  planes  in  each  octant,  as  wil!  be  seen  by  a  method  of  con- 
atmction  similar  to  that  in  f.  48,  and  consequently  the  whole  solid  has 
forty-eight  planes.  It  is  hence  called  a  hexakisoctahedron  (I^^okk,  aias 
times,  SicTtD,  eight,  and  ffipa,  face,  i.e.,  a  6  x  8-faced  solid)  or  hexoctahedron. 
The  form  is  shown  in  f .  69,  where  it  will  be  seen  that  tliere  are  three  differ- 
ent kinds  of  edges,  and  three  kinds  of  solid  angles;  each  of  tlie  forty- 
eight  planes  is  a  scalene  triangle. 

When  modifying  the  cube  it  apiiears  as  six  planes  replacing  each  of  the 
solid  angles,  f.  TO.     It  replaces  the  eigiit  angles  of  the  octahedron,  and  tha 


form  3-1  bevels  the  twenty-fonr  edges  of  the  dodecahedron  (f.  71).  Other 
hexoctahedron s,  diffenng  in  their  angles,  may  replace  the  six  acnte  solid  an- 
gles of  the  dodecahedi-on  by  eight  planes,  or  the  eight  obtuse  by  aix  planes. 
Tlie  hexoctahedron  of  f.  69,  70,  71  is  that  whose  planes  hiive  the  ax^a 
ratios  ij  :  1.  Othei-s  have  theratio  4  :  2  : 1,  2  :  ♦  :  1  (=6  :  1 :  3),  6  :  t :  1 
1=15  ;  5  :  3),  7  :  J  :  1  (=21 :  7  :  8),  etc 
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TI16  preceding  figuj-es  show  dodecahedrons  variously  modiited.  In 
f.  73,  /,  or  *',  are  faces  tif  the  dodecahed  1*011 ;  ^of  the  cube ;  1  of  the  octa- 
hedron ;  i-3  of  a  tetmhexahedron  (f.  C6) ;  2-2  of  the  trapezohedrou  oi  f ,  fi4 
59 ;  3-}  of  the  hexi.ctahedroii  of  f.  69,  70.  lu  £.  73,  »,  0,  and  1  are  aa  in 
f.  72 ;  3-3  is  tlie  trapezohedrou  of  f.  61, 62 ;  and  5-J  (either  side  of  3-3)  s 
bexoctahedrou. 

The  hexoctahcdron  is  called  the  adamantoid  by  Ilaidinger,  in  allusion 
to  its  being  a  common  form  of  crystals  of  diamond.  It  is  tne  hexoMaocta- 
kedron  of  I^aiimann. 

B.  ffemihedral  Forms. 

Of  the  kinds  of  hemihedral  forms  mentioned  on  page  13,  the  kemiho- 
loJtedraZ,  in  which  only  half  of  the  scutants  ai"e  represented  in  the  form, 
produces  what  aie  called  inclined  hemihedrona  :  and  tlie  holohemi/iedral,  in 
which  all  the  sectants  are  represented  by  half  the  full  tinmlier  of  plaiics, 
jHtrallel  hemihedrons.  In  the  foraier  the  sectauta  to  which  the  occiii-ring 
planes  belong  are  diagonally  opposite  to  those  without  the  same  planes ;  and 
hence  no  plane  has  another  opposite  and  pamllel  to  it;  on  the  contrary, 
opposite  planes  are  obliqne  to  one  miother,  and  hence  tlie  name  of  inclined 
hemihedrons  applied  to  them.  They  are  also  called  tetrahedral  forms,  the 
tetrahedron  being  the  simplest  foiin  of  the  number,  and  its  habit  character- 
istic of  them  all ;  while  the  latter  are  called  pyritohedrdl,  because  observed 
in  the  species  pyrite.  The  complete  symbols  of  the  inclined  beinihedroua 
are  wiitten  in  the  general  form  i(m  :  »  :  1),  of  the  parallel  bcmihedroEs 
in  the  fonn  \  [rii :  n  :  1]  ;  also  written  «(m  :  n  :  1)  and  v{m  :  n  ;  1)  re- 
spectively, 

a.  Jndined-  or  Tetrahedral  Hemikedrona.  1,  Tetraliedron,  or  Memi- 
octahndi-on. — i(l  ;  1  :  1). 

As  has  been  shown,  the  form  1(1  :  1  :  1)  embraces  eight  planes,  and  when 
holohedrally  developed  it  produces  the  octahedi-on;  in  accordance,  how- 
ever, with  the  law  of  hemihedrism,  Ao^  of  the  eightpossible  planes  mar 


^ 


occur  in  alternate  octants;  thus  in  two  opposite  sectants  above,  and  the 
two  diagonally  opposite  below,  as  shown  by  the  shaded  planes  in  f.  71-     If 
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these  fonr  shiided  planer  are  suppreascd,  while  the  other  four  of  the  oot*- 
hedroii  aro  extended,  the  reenlting  form  is  the  regnlar  tetrahedron,  f.  70. 
The  relation  of  the  <«!tahedroii  and  tetiahedron  may  be  better  underatood 
from  f.  75.  If,  as  just  remarked,  the  planes  shaded  in  f.  74  are  siippregaed, 
while  the  othei-s  are  extended,  it  will  bo  seen  in  f.  75  that  the  two  latter 
pairs  intersect  in  edges  parallel  i-espeetively  to  the  baaal  edges  of  tiie 
octahedron,  and  the  complete  tetrahedron  is  the  resnlt.  The  axes,  it  is  im- 
portant to  observe,  nonnect  the  middle  points  of  the  opposite  edges. 

Further  than  this,  since  either  set  of  tour  planes  ma;  go  to  form  the  solid, 
two  tetrahedrons  are  evidently  possible,  and  they  mar  be  distinguished 
by  calling  tlie  fii-st,  f.  76,  positive,  and  the  second  negative,  f,  76a, 
These  terms  ai'e  of  course  only  relative.  The  plus  and  the  minus  tetrahe- 
drans  may  occnr  in  combination,  as  in  f.  79 ;  and  thongh  there  are  here  pre- 
sent the  eight  planes  which  in  holohedml  forms  make  the  octahedron,  and 
thongh  they  should  happen  to  be  equally  developed  so  as  to  give  the  same 
shape,  the  crystal  would  still  be  pronounced  tetraliedral,  since  the  planet 
1  and  —1  are  physically  different.  An  example  of  this  oecnrs  in  crystals 
of  boracite,  where  the  planes  of  one  tetrahedron  are  polished  while  those  of 
the  other  are  withont  lustre. 

The  plane  angles  of  the  tetrahedron  are  60',  and  the  interfadal  angles 
70'  SI'  44". 

The  combinations  of  the  cnhe  and  tetrahedron  are  shown  in  f .  77  and  78, 
■nd  the  dodecahedron  and  tetrahedron  in  f.  80.  As  the  octahedron  resnlts 
geometrically  from  slicing  off  successively  the  solid  angles  of  the  cube,  by 

Elaiies  of  equal  inclination  on  the  cubic  faces,  so  also  the  tetrahedron  may 
9  mado  mechanically  by  slicing  off  similarly  Ao^  these  solid  angles. 


JTemi-tritoctahedrons,  i{m. :  m  :  l)and  ^m  :  1  : 1).  In  the  same  manner 
Mwith  the  tetrahedron,  the  form  m-m,  when  hemihedral,  may  have  half  its 
twenty-four  planee  present,  viz.,  those  in  the  two  opposii*  sectants  above 
and  the  alternate  sectanta  below.  When  these  twelve  planes  are  axtended, 
tlie  others  being  suppressed,  they  form  the  solid  represented  in  f.  81 ;  the 
symbol  properly  being  i{  m-m),  or  here  i(2^2).  The  faces,  as  will  be  ob 
served,  are  trigonal,  and  the  Bolid  is  sometimes  called  a  tniproid.  There  is 
the  same  distinction  to  be  made  here  between  the  plus  and  the  minns  fornia 
uwith  the  tetmhednins.  Figs.  82, 83,  84  show  combinations  of  +i{m-m) 
miih  tlie  plus  tetrahedron,  tlie  dodecahedron,  and  the  tetrahexahedron. 

Bimilartv  the  form  m,  when  hemihedral,  according  to  the  same  principle 
teealte  in  &e  solid,  f.  85.  It  is  called  the  ddtohedron  by  Haidingerj  itnaa 
trapezoidal  faces.  In  f.  86,  +i{f)  is  shown  in  combination  with  +i(3-3). 
Here  also  the  distinction  between  the  plus  and  minus  funns  is  to  be  made  in 
the  same  manner  as  that  already  explained. 

n  .J  ii/j'- ■;■-  V-  it.n.i>,;n^ 
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Iitdined  ok  tetrahedral  3em.i-?iexoctahedron  ^m  :  n  :  1).  The  form  m-n 
RFhen  developed  according  to  the  law  of  inclined  faemihedrism,  that  is, 
when  of  its  forty-eight  faces,  half  are  present,  viz.,  all  in  half  the  whola 


nnmber  of  sectanta,  prodnces  the  solid  seen  in  f.  87.  There  is  here  also  y 
^/U8  solid,  and  a  minus  solid,  corresponding  to  the  +  and  —  tetrahedroa 
In  f,  88  it  18  in  combination  with  the  pins  tetrahedron. 

If  the  same  method  of  inclined  heniihedrism  be  applied  to  the  remain-  ■ 
ing  solids  of  this  sjstem,  the  cnbe,  dodecahedron,  and  tetr^exabedmn,  that 
is,  if  in  each  case  the  parts  in  two  opposite  eectantsjbove,  and  the  two  diag- 
onally opposite  sectants  below, -be  conceived  TO  be  extended,  tlie  other  half 
being  suppressed,  it  will  be  seen  that  the  solid  reprodnces  itself ;  the  hemi- 
hedral  form  of  the  cube  is  the  cnbe,  and  so  of  the  otliei-s. 

The  following  figures  represent  some  other  combinations  of  these  forms. 


Sphaleiite. 


SptuOsrito. 


In  f,  89,  the  cnproid  3-8  is  combined  with  the  faces  /of  a  dodecahedron. 
The  form  3-3  resembles  closely  that  of  f.  81,  bnt  in  its  cninbinhtion  with 
the  dodecahedron  it  does  not  trnncate  an  edge  of  the  dodecahedron,  like  2-3 
in  f.  S3.  Fig,  89a  contains  the  same  planes  combined  with  the  plus  tetra- 
hedron, hexB^ional  planes  1,  the  minns  tetrahedron,  triangular  planes  1,  and 
the  facesof  the  cube  ^.  The  presence  of  the  plane^tacilitates-the  com- 
parison of  the  form  with  f.  65,  56,  57,  p.  18,  tlie  plane  3-S  having  the  same 
position  essentially  nuth  2-iJ.  Fig.  90  lias  as  its  most  pi-ominent  planes  those 
of  f .  81 ,  but  the  position  given  it  is  relatively  to  f.  81  tliat  or  the  mtnws 
hemihedron  ;  and  there  ^are  also  the  small  planes  2-2  about  the  angles, 
which  are  those  of  the  minita  hemihedron,  //,  are  planes  of  th^cube; 
1,  those  of  the  tctnJiedron;  i,  those  of  the  dodecahedron  ;  i-Z  thiwe  of  i 
tetrahexahedron  {B,  i,  i-Z  all  holohedral) ;  and  4  the  planes  of  a  delt(di» 
dron  similar  to  f.  85,  and  occurring  with  2-2  in  £  86. 
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ft.  Parallel  or  pyritohedraX  Aarmhedrons. — According  to  the  second  lav 
of  hemihedriBm,  naif  the  whole  namberof  planes  of  any  form  may  be  pre- 
sent in  all  the  sectants.  In  the  resulting  solids  each  plane  has  another  pai-- 
illel  to  it.  This  method  of  hemihedrism  obviously  prodaces  t^istinct  forms 
only  in  those  cases  where  there  is  an  even  number  of  planes  in  each  octant 

Ptmtagonal  Dodecahedron,  or  UemirtetraAexaliedron,  ^(oo :  n  :  1J.  li 
of  the  twenty-four  planes  of  the  form  i-n  (co  :  n  ^  1),  oiily  half  are  present ; 
viz.,  one  of  each  pair  in  the  manner  indicated  by  shading  in  f.  91^  theee 
being  exteifded  while  the  others  are  suppressed,  the  solids  in  f.  92  and  f.  93. 
resnlt  The  parallelism  of  each  pair  of  opposite  planes  will  be  seen  in  theee 
figureA.  These  two  possible  forma,  seen  in  the  figures,  are  distinguiahed  by 
calling  one^iw  (arbitrarily),+i[i-2],  and  the  other  minua,— i[i-2].  These 
solids  are  ^ery  vommon  in  tne  species  pyri(e>  and  are  hence  awdi  pyritohe- 
drons;  they  are  also  called  pentagonal  dodecaliedrons,  in  allusion  to  their 
pentagonal  faces.  The  r^ular  dodecahedmn  of  geometry  belongs  to  this  ;■ 
class,  but  is  an  iniftossible  form  in  nature,  since  for  it  n  must  have  an  irra- 
tional value,  viz.,    .— — ,  see  p.  10. 

In  combination  with  the  cube  the  form  -f-i[t-3]  te  seen  in  f.  S4  and  f.  96, 
'^d  in  f.  96,  97,  witli  the  oc|tabedron,  and  in  f.  98,  with  the  cube  and  octa- 
hedron. — 


PairaUd  hemt-hexodahedron,  i[m  :  n  :  1].    When  of  the  forty-eight 
planes  of  the  form  m-n,  only  half  are  present,  viz.,  the  three  -altematt 


pl»nei  in  each  octant  as  Indicated  bj  the  shading  in  f.  99^  the  solid  in 
1. 100  resalta.    This  solid  ia  called  a  diploid  by  Ilaioinger.    It  is  also  c^led 
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ft  dyukis-dodocahedmn.    In  f.  101  it  is  shown  in  combination  with  the  cnbo 
and  in  f.  102  with  the  octahedron. 

Figs.  103,  104, 105,  of  tho  species  nyrite,  represent  varions  corabina- 
tione  of  parallel  hemihedrous  witii  the  cubic  and  other  fauea.  Inf.  103 
there  arc  planes  of  twohemi-tetralicxahedruiifi  (pentagonal  dodecahedransj 
^•2,  i4 ;  and  of  two  diploids  4-2,  3-},  along  with  planes  of  the  octahedron, 
1,  and  of  the  trapczohedron  2-2.  In  f .  104  the  dominant  forin  is  the  dode- 
cali^i'on,  /;  it  has  the  faces  of  the  ciibe,  H;  of  the  octahodran,  1 ;  of  tha 


Pyrito. 


Fyiite. 


Pyrita. 


trapezohedrou,  2-2 ;  and, of  tlie  pai-allel  hemihedrons,  i-'2  and  4-2.  Fig. 
105  represents  a  map  of  one  angle  of  a  cnbe,  showing  at  centre  tho  octahe- 
dral face  1,  and  aivniid  it  the  faces  of  the  cube  M,  of  the  trnpezohedi-on 
S-2,  tho  tri^nal  trisoctahedron  2,  and  the  parallel  heiiiihcdrous,  i-2,  2-^ 
S-f.  The  axial  ratio  for  2-^  is  2  :  |  :  1  (or  6  :  4 :  2),  and  for  3-^,  3  :  {  :  1 
(or  6:3:2). 

J^romineni  distinctive  characters. — The  student,  in  order  to  facilitate  hia 
study  of  Isometric  forms  in  nature,  should  be  thoroughly  familiar  with  the 
following  points,  from  the  study  of  models  or  natural  crjatals ;  (1)  The 
isometric  character  of  the  symmetry,  the  planes  being  alike  in  grouping  in 
tlie  direction  of  the  three  axes.  (2)  The  forms  of  the  faces  and  solid  an- 
gles of  the  octaliedron.  the  dodecahedron,  the  trapczohedron  2-2,  the  pen- 
tagonal dodecahedron  i-2.  (3)  The  fact  that  the  following  are  common  an- 
gles in  the  system— 1S5<*  (=Ha»');  109°  28'  (angle  of  octahedron),  70''82' 
(angle  in  octahedron  and  tetrahedron) ;  120°  (angle  of  dodecahedron);  126° 
16'(=:Ha1);  144°44'(=HA2-2=lAi);  153°  :i6'{=IlA!;2);  lfil°34'(=n 
AiS).  A  list  of  the  angles  belonging  to  the  various  forms  of  this  s^'Stem  ia 
given  on  p.  67.  (4)  Cleavage  may  be  oiAic,  octahedral,  or  dodecwiedral  / 
and  Bometimea  two  of  these  kinds,  and  occasionally  the  three,  occur  in  the 
same  species,  but  always  with  great  difference  of  facility  between  them. 
Galenite  is  an  example  of  easy  cubic  cleavage ;  fluorite  of  easy  octaliedral ; 
sphalerite  (blende)  of  easy  dodccahedral. 

PUiit&i  ^symmetry. — The  teven  kinds  of  solids  described  on  pp.  15  to  19, 
include  oU  the  holohedral  fonns  possible  in  this  eystem,  as  is  evident  from 
their  geometrical  development.  In  them  exists  the  highest  degree  of  eym 
metry  possible  in  any  geometrical  solids. 

In  the  cube,  as  has  already  been  stated,  all  planes,  solid  angles,  and  edget 
■i«  eqnai  and  similar.  The  three  diametral  planes,  passing  each  throng^ 
two  ot  the  axes,  km  the  chief  planes  of  symmetry,  evcu^  t{>art  of  the  crrstal 
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M  one  side  of  the  plane  having  its  ei^iial  and  sytninetricalparton  the  oppo- 
site Bide.  Further  than  this,  each  ot  the  six  planes  pii&eing  through  the 
diagonal  edges  of  the  cube,  and  uonaeauentlj  parallel  to  the  dodeuahedral 
planes,  are  also  planes  of  synimetrv.  There  are  hence  in  this  system  nin* 
planes  of  symmetry. 


IL— TETRAGONAL    SfSTEM. 

In  the  TBTOAaoNAL  Ststeh,  there  are  three  rectangular  axes ;  bnt  while 
tfie  two  lateral  axes  are  equal,  the  remaining  vertical  axis  is  either  longer  or 
shorter  tlian  they  are ;  there  are  consequently  to  be  considered  the  lateraJ 
axes  (a)  and  the  vertical  axis  (c). 

The  general  geometrical  ex])ression  for  the  planes  of  crystals  becomes  for 
tiiis  system  mc:na:  a,  and,  it  this  be  developed  in  the  same  way  as  the  cor- 
responding  expression  in  the  Isometric  system,  all  the  forms*  geometrically 
pOBsiblfl  are  derived. 

1.      mc:  na:a    [m-h]  when  m>l,n>l. 

a  \c:a:a  [1]  whenm=l,  n=l. 

■  \mc:a:a         {m]  when  i»^l,  n=l. 

„  iciaoaia       [1-iJ  when»n=l,  «=«>, 

*  \mc:  -xiaia   [m-^  when  n»^l,>i=oo. 

4.       cao'.na'.a    [i-n']  when  m=Qo,  »>!. 

b.      00  0  :  o  :  a       [-/t  when  i«=ot>,  n=l. 

6.      coc:ooa:a    [i-i]  when  fn=«>,n=ao, 

„  (  (o  :  ooo  :  ooa)  [C*]  when  m=0,  «=1. 

'■  \orOo:a:a. 

tn  littering  tbs  planea  the  abridged  iTinbol*  are  used;  bere,  as  before,  i=<x>,  and  the  unit 
tena  U  omitted  m  nmiecewiu?,  dm  ;  <c  a :  a=m-i,  etc  These  are  tbe  same  as  the  qrmbola 
ti  Naomaim,  except  that  he  wrote  09 ,  and  added  i*  oa  the  sign  ol  tbe  sTstems  wbioh  are  not 
iaometrio;  0^=0;  wJ^=i-i;  a>P=Ii  aFn-i-n;  iuPn=m-i;  mP=m  ;  ^=1;  and 
ni/*B =m-n. 

A.  Solohedral  Forms. 

Basal  plane. — There  are  two  similar  planes  corresponding  to  the  svm- 
bol  0  :  00  a  :  00  (1  (or  Oc :  a  :  a),  parallel  to  both  the  lateral  axes ;  cacu  ia 
called  the  basal  plane.  They  do  not  inclose  a  space,  and  coueequcntly  they 
^'Xtt  occur  onlv  in  combination  with  other  planes. 

Primu. — The  plane*  having  the  symbol  oo  c  :  co  cs :  a  are  parallel  to  the 
vertical  and  one  of  thu  lateral  axes.  There  are  four  such  planes,  one  at 
each  extremity  of  the  two  lateral  axes,  and,  in  combination  with  the  plane 
Of  they  fonn  the  square  prism,  which  haa  been  called  the  diametral  prism, 
wen  iu  f.  106. 

For  the  symbol  oo  0 :  a  :  a,  the  planes  are  parallel  to  tlie  vertical  axis, 

*  Tba-wotAform  haa  been  frMljr  naed  In  the  preceding  pagee:  from  thU  point  on,  bow- 
•rer.  It  needa  to  be  mora  exaotly  doflned.  In  a  oiTstallogriiphio  sense  it  inolodee  all  tlM 
Sane*  geonetiioallf  peeribla.  nerar  la«>  than  two.  wmoh  ha'N  the  aama  general  sTinbaL 
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uid  meet  the  others  at  equal  dietancee.  Tliere  are,  ae  in  the  precediug 
case,  four  Biich  placee.  They  furm,  in  combination  with  the  plane  O, 
that  Bqiiare  priBm  which  is  Been  in  f.  107,  and  may  be  called  tlie  im^ 
prism.  Both  the  priBmB  i-i  and  /  are  alike  in  their  degi-ee  <if  symmetry. 
t&ih.  lias  four  Bimilar  vertical  edges,  and  eight  similar  basal  edges  unlike 
Uie  verticaL     There  are  also  in  each  case  eight  Bimilar  solid  angTea. 


,J4-[^ 


it 
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The  form  t-n  (»  c  :  na :  o)  is  another  prism,  but  in  this  each  plane  meel« 
one  of  the  lateral  axes  at  the  unit  distance,  and  the  otJier  at  some  multiple 
of  its  nnit  distance.  Ab  ie  evident  in  the  accompanying  horizontal  section 
(f.  113),  this  general  symbol  requires  eight  eicnilar  planes,  two  in  each 
quadrant,  and  the  complete  form  is  shown  in  f,  109.  The  sixteen  basal 
edges  are  all  similar ;  the  vertical  edges  are  of  two  kinds,  four  axial  2,  and 
four  diagonal  Y  (f.  109).  The  regular  octagonal  prism  with  eight  similar 
vertical  edges,  each  angle  being  135°,  is  crystallographically  impossible. 


m 


The  planes  /  truncate  the  edges  of  the  diametral  prism  i4,  as  in  f.  108. 
Similarly  the  planes  i-i  truncate  the  vertical  edges  of  7.  The  priem  i-n  be- 
▼els  the  edges  of  i-t,  as  in  f.  110,  where  i-n=e-2. 

The  relation  of  the  two  square  prisms,  i-i  and  /,  may  he  further  ilhiB- 
tratcd  by  the  figs.  Ill  and  112.  In  f.  112  the  pections  of  the  two  prisms 
are  shown  with  the  dotted  lines  for  the  axes,  and  in  f.  Ill  there  are  the 
two  forma  complete,  the  one  (/)  within  the  other  (i-ij.  The  nnit  prism  /is 
Bometiincs  called  the  prism  of  tlie  firat  aeries,  and  the  prism  i-i  tliat  of  the 
aecondseriet. 

Octahedrons  or  Pyramids. — The  forms  m-i  and  m  both  give  rise  to 
■quare  octahedrons,  corresponding  to  the  two  kinds  of  sqnare  prisms.  In 
m-i  the  planes  are  parallel  to  one  lateral  axis  and  meet  the  vertical  axis 
at  varialjle  distances,  multiples  (denoted  by  m)  of  the  unit  length.  The 
total  number  of  such  planes,  for  a  ^ven  value  of  m,  ie  obviously  eight,  and 
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like  fonn  is  ehowD  in  f.  114  and  115,  These  planes  replace  the  basal 
edges  of  the  form  shown  in  f,  106,  and  m  yariea  in  valne  fitom  0  to  oo 
When  tn=Q  the  fonr  planee  above  and  below  coincide  with  tlie  two  I 


^^>i 


^ 


planes ;  as  m  increases,  there  arises  a  series,  or  sone,  of  planee,  with  qid- 
tiiatlj  parallel  intersections  (f.  116) ;  and  when  Tn=eo ,  the  octahedral  planes 
m-i  coincide  with  the  planes  i-i.     The  value  of  m  in  a  particular  species 
depends  npon  the  unit  value  assumed  for  the  vertical  axis  e. 
The  same  form  replaces  the  vertical  angles  of  the  prism  /,  as  ia  f.  117. 


The  octahedrons  of  the  m  seriee  meet  both  of  the  lateral  axes  at  eqiinl 
distances  and  the  vertical  axis  at  variable  distances.  •  It  is  clear  that  the 
whole  number  of  planes  fur  this  form,  when  the  value  of  fnis  given,  is  also 
eight,  one  in  each  octant  When  fn=l  the  solid  in  f.  IIS  is  obtained, 
which  is  sometimes  called  the  unit  octahedron.  As  m  decreases,  the  octahe- 
drons become  more  and  more  obtuse,  till  m=0,  when  the  eight  planes  coin- 
cide with  the  two  baaal  planes.  As  m  increases  from  unity,  on  the  other 
hand,  the  octahedrons  or  pyramids  become  more  and  more  acute,  and  when 
*»=<»  they  coincide  with  the  prism  /;  this  series  forms  anntlier  zone  oi 
planes.  These  octahedrons  replace  the  basal  edges  in  the  form  f.  107,  at 
seen  in  f.  119,  and  aa  the  octahedron  is  more  ana  more  developed  it  passes 
to  f.  120,  and  finally  to  f.  US. 


The  same  form  replaces  the  solid  angles  of  the  form  f.  106,  as  seea  in 
f.  121,  and  this  too  gradually  passes  into  f.  122  and  f.  111. 
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The  relation  of  tlie  oGtshedroiiB  t  and  1-i  (m  and  m-i)  ia  the  eanie  aa  thai 
of  the  priemB  /and  i-i  (rampare  f.  112).  Similarly,  too,  they  are  often 
called  octahedfons  (or  pji-araids)  oi  the  nrai  (m)  and  second  (m-i)  seriee. 

Ab  will  be  seen  in  f.  123,  l-i  tmiicates  the  pyramidal  edges  o£  the  octshe- 
doii  1,  and,  conversely,  the  edges  of  the  octahedron  2-4  are  tnmcated  by 
tlia  oclalicdron  1  (f.  124). 

Octagonal  pyramids. — The   foiin    m-n  (me : 
t\a  ;  <£)  in  tliis  ayateni  has,  as  in  the  preceding  evB-  IK 

bim,  the  highest  number  of  similar  planes  which 
are  geometrically  possible  ;  in  this  case  the  num- 
ber 18  obviously  sixteen,  two  in  each  of  tlie  eight 
eectants,  as  in  f.  125,  where  m=l,  ?i=2.     These 
sixteen  similar  planes  together  form  the  octagonal 
pyramid  {strictly  double   pyramid)  or  zirconoid,  . 
r.  126.     It  has  two  kinds  of  termmal  edges,  the 
axial  X  and  the  diagonal  Y ;  the  basal  edges  are  ' 
all  similar.     It  is  seen  {m-n=\-%)  in  f.  127  in 
combination  with  the  diametral  prism,  and  in  f,  128  with  1,  where  it  beveli 
the  vertical  edges. 


OUier  tetragonal  forms  are  illustrated  in 
figures  2  to  8,  of  zircon  crystals,  on  p.  2 ; 
f.  8  is  the  most  complex,  and  besides  3-8 
shows  also  the  related  zirconoids  4-4  and  6-6. 

Several  aeries  of  forms  occur  in  f.  129,  of 
vesuvianite.  In  the  unit  series  of  planes 
there  are  the  octahedi-ons  {or  pyramids)  1,2, 
3,  and  tlie  prism  I\  in  tlie  diametral  series 
1-r,  i-i  \  of  octagonal  prisms,  4-2,  t-3 ;  of  zir- 
jonoids  2-2,  3-3,  5-5, 4-2,*|-3,  the  whole  nura- 
oer  of  ])laneB  being  154. 


B.  IlemiJxeda-al  Forms. 

Among  hemihedi-al  forms  there  are  two  divisions,  as  in  the  isometric 
RTBtom : 

1.  Hemiholohedral,  having  the  full  number  of  j^anes  in  half  the  sectants 
(fl)  Fertically-aUernate,  or  sphenoidal  forms.— The  planes  occur  m  two 
sectants  situated  in  a  diagonal  line  at  one  extremity,  and  two  id  the  trniw- 
verse  diagonal  at  the  other, 

n  .J  ii/j'- ■;■-  V-  it.n.'>,;n_ 
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With  'Octahedral  planes  i(mc :  o  :  a)  the  solid  is  a  tetrahedron  (f.  ISO, 
181)  called  a  aphenoid,  having  the  same  relation  to  the  square  prism  of 


f.  106  that  the  regular  tetrahedron  lias  to  the  cnbe.  Fi";.  130  is  the  jtoaftivi 
sphenoid  or  +1,  and  131  the  negaUve,  or  —1.  Tlie  t'unn  i{?Tio  :  coa:  a) 
is  similar.  Fig.  132  represents  the  sphenoid  in  coinl>iuatiun  with  the  prism 
i-i. 

If  tlie  planes  of  each  sectant  are  tlie  two  of  the  octa^nal  pymrnid 
i{mo  :na:  a)  (f.  126),  the  form  is  a  diploid  (f,  133).  It  is  m  cuitibJiiutioii 
with  the  ovtAhedron  1-t  in  f.  134, 

(i)  Vertically-direct,  or  the  planes  occiiring  in  two  o]>po6ite  seutantE 
above,  and  iu  two  on  the  same  diagonal  below.  The  result  lb  a  horizontal 
prism,  or  fonns  resembling  those  of  the  orthorhombic  system.  Chai-actei"- 
1Z08  crystals  of  edirgtonite. 

(c)  YerticaUy-obhque.  Planes  oeonn-ing  in  two  adjacent  octants  above, 
and  in  twodiagonally  opposite  below,  producing  monoclioic  forms,  as  in  a 
hydrous  aminoiiitim  sulphate. 

3.  //i3foAeTOtAe(?ra^alltliesectant8liavjnglia!f  the  fnll  number  of  planes. 
As  the  largest  number  of  planes  of  a  kind  is  two,  half  tlie  fall  number  is 
in  all  cases  otie.  Hemihedrism  may  occur  in  the  forms  rn-n  (f.  126, 127), 
orzircoiioids,  and  in  tlie  forms  i-n(f.  109),  or  the  octagonal  prism. 

The  following  are  the  kinds  : 

{a)  VerticaUy^irect.  The  occurring  plane  of  the  sectants,  the  right 
one  in  the  niiper  scries,  and  that  in  the  same  vertical  zone  below,  as  indi- 
cated by  the  shadiTig  in  f.  133  ;  or  else  the  left  one  above,  and  that  in  th« 
same  vertical  zone  below,  f,  136. 


(J)  VertioaUy-alternate.  The  occurring  plane  tlie  right  above,  and  that 
in  the  alternate  zone  below,  as  indicated  in  f.  137 ;  or  else  the  Irft  above, 
and  that  in  the  alternate  zone  below,  f.  138. 

As  the  right  of  tlie  two  jilanea  nlwve  is  in  the  same  vertical  zone  with  the 
Mi  of  the  two  below  (snppoeing  the  lower  end  made  the  upper),  the  two 
kinds  of  the  first  division  will  be  the  rl  m~n  ;  and  the  Ir  m-n  (in  f.  136  Km 
the  angles  of  the  prism  i-%)  ;  and  the  two  of  the  second  division  the  rr  m-N 
and  the  U  m^  (in  f.  138,  on  the  angles  of  the  prism  i^). 
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The  completed  form  for  the  first  mothodshaspKiallel  faces,  and  is  liko  tlw 
oi'dinaiy  Bqiiare  octaliedron  in  shape,  because  the  upper  and  lower  plsnea 
belong  to  the  same  vertical  zone.  I3iit  in  tlie  second  it  is  gyroidat;  the 
upper  pyramid  has  ite  faces  in  the  same  vertical  line  with  an  edge  of  the 
lower,  as  repi-eeented  in  f.  139,  the  form  U  7n-n. 

The  first  of  these  methods  occurs  in  octagonal  prisms,  producing  a  sqnara 
prism,  either  r  i-n,  or  I  i-n. 

Fig.  140  represents  a  com- 
bination of  the  octahedron  1-t 
with  the  imit-octahedron  1,  and 
two  hemiliedral  forms,  one  of 
diem  Ir  1-2,  the  other  rl  3-3. 
The  plane  1  shows  the  posi- 
tion of  the  octant ;  S-3  is  to 
the  right  of  1,  and  1-2  to  the 
Uft.  in  f.  141,  which  is  a  top 
view  of  a  crystal  of  wemerite, 
there  occurs  I  S-S  large,  along 
with  r  S-8  small,  indicating 
hemidedriBm,  and,  judging 
from  that  of  the  allied  species 
sarcolite,  it  is  of  the  square  oc- 
tahedral kind,  rl  3  3  and  Ir  8-Z. 

Fig.  142  contains  the  hemihedrsl  prism  I  t-^,  com-  

binod  with  the  onit-octahedron  1,  and  the  basal 
plane  0. 

VariaiU  elements  in  this  system.— In  the  tetragonal  system  two  ele- 
ments are  variable,  and  in  any  given  case  must  be  decided  before  the  rela- 
tions of  the  forms  can  be  definitely  expressed. 

(a)  The  position  of  the  lateral  aces. — These  axes  are  eqna],but  there  are 
two  possible  poaitiona  for  them,  for  in  a  given  square  octahedron  they  may 
be  cither  diagonal  or  diametral ;  in  other  woi-ds,  given  an  octahedron,  as  in 
f.  115, 116,  the  prismatic  pianos  may  be  made  diametral  (i-i),  and  the  octahe- 
dron BO  belong  to  the  m-i  series,  or  the  prismatic  planes  may  be  made  di^- 
onal,  tliat  is  /  (oo  c  :  o  :  a),  when  the  corresponding  octahedrans  belong 
to  tlie  m  series.  The  ratio  of  the  lateral  axes  for  the  two  cates  is  obviously 
l:f^,  or  1:1.4142-1-. 

(t)  The  length  of  the  vertical  aseis. — Among  the  sereral  occurring  octa- 
hedrons, one  must  bo  assumed  as  the  unit,  andthe  others  rafetred  to  it.     In 
f.  143,  of  zircon,  the  octahedron  1  is  made  the  unit,  and  by  measur- 
ing the  basal  angle  it  is  found  mathematically,  as  explained  later,       1^* 
that  the  length  of  the  vertical  axis  is  0.85  times  that  of  the  lalei-al    ^^T^^ 
axes.     The  octaliedron  3  has  then  tlie  symbol  3c  :  a  :  a  as  i-eferrcd    P^tH 
to  this  unit.     If  the  latter  octahedron  had  been  taken  as  the  fun-        i   |i 
damental  form,  the  lengtli  of  the  vertical  axis  would  have  been    l—J-J 
3x0.85  times  that  of  the  lateral  axes,  and  the  symbol  of  the  fii-st    ^^^ 
plane  would  have  been  ic:  a:  a.    Which  form  is  to  be  taken  as 
the  unit  or  fundamental,  that  is,  what  length  of  the  vertical  axis  c  is  to  ha 
adopted,  depends  upon  various  considerations.      In  general  that  form  it 
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Hanmed  as  fundamental  wbicb  is  of  moet  common  occiiiror.ce  or  to  whioh 
the  cleavage  Je  parallel ;  or  which  best  shows  the  morphological  relations 
of  the  giveu  species  to  othei-s  related  to  it  in  cliemical  composition,  or  which 
gives  the  slmpleBt  symbols  for  the  occurring  forms  of  a  species. 

Prominent  c/iaraclei-isHca  of  ordinary  tetragonal  forme. — The  promi* 
neiit  distinguishing  characteristics  of  tetragonal  forms  are  :  (1)  A  svmme- 
tricat  arrangement  of  the  planes  in  fours  or  eights.  (2)  The  frequent  oc- 
currence of  a  square  prism  diagonal  to  a  square  prism,  the  one  making  with 
the  other  an  angle  oi  135°,  (3)  The  occurrence  of  bevelling  planes  on  the 
lateral  edges  of  tht  «qaare  prism.  (4)  A  resemblatico  of  tlie  octahedrons 
to  the  regular  octahedron,  in  having  a  square  base,  but  a  diesimilarit;  in 
that  the  angles  over  the  baaal  edges  do  not  eqnal  those  over  the  terminal.  (5) 
Cleavage  may  be  either  haaal,  aguare-prismatie,  or  ootahedral ,-  prismatic 
cleavage,  wheu  existing,  is  alike  in  two  directions,  parallel  to  the  lateral 
faces  of  one  of  the  square  prisms,  and  is  always  dissimilar  to  the  basal  cleav- 
age; the  basal,  or  the  lateral,  is  sometimes  indistinct  or  wanting;  the  pris- 
matic mav  occur  parallel  to  the  latci-al  planes  of  both  square  prisms,  but 
when  so,  tnat  of  one  will  be  always  unlike  in  facility  that  of  the  other. 

Planet  of  87/mjnetrif.~Thsro  are  five  planes  or  symmetry  in  the  tetra- 
gonal system :  one  principal  plane  of  symmetry  normal  to  the  vertical  axis, 
and  four  others,  intersecting  in  tliis  axis  ;  these  four  are  in  two  pairs,  the 
planes  of  each  pair  normal  (90°)  to  each  other,  and  diagonal  (45°)  to  uiose 
nf  the  other. 


m.— HEXAGONAL  SYSTEM. 

The  Hexaookal  Ststuh  includes  two  grand  divisions :  1.  The  HsxA- 
ooNAL  proper,  in  which  (1)  symmetry  is  by  sixes,  and  multiples  of:  six; 
(2)  hemihedral  forma  are  of  the  kind  called  vertically-direct ;  and  (3) 
cleavage  and  all  physical  characters  have  direct  relations  to  the  holohedral 
hexagonal  form.  ' 

2,  The  BuouBOBBDRAi.,  in  which  (I)  symmetry  is  by  threes  and  multi- 
ples of  tln-ee,  rhombohedral  forms  being  hemihedral  in  mathematical  rela- 
tion to  the  hexagonal  system,  and  of  the  kind  called  vertical  ly-alternate ; 
(2)  cleavage,  and  many  other  physical  characters,  usoally  paitake  of  the 
betnihedrism. 

While  the  rhombohedroQ  is  mathematically  a  hemihedral  form  under 
the  hexagonal  system,  and  is  properly  so  treated  in  a  system  of  mathema- 
tical crystallography,  it  is  not  so  genetically,  or  in  its  fundamental  relations. 
Moreover,  it  has  its  own  hemihedral  forms,  whii-h,  under  the  bread  hexago- 
nal system,  are  teto/rtohedral. 

The  lii/tohedral  forms,  all  of  which  belong  to  the  Hexagonal  division, 
are  here  tii'St  described ;  and  then  the  hemihedral  forms,  which  include,  be- 
sides a  few  under  the  hexagonal  division,  the  whole  of  the  lihonthohedrai 
division, 

A.  JSolohedT<d  Forma  :  Hexagonal  Division. 

The  general  ezpreflslon  for  planes  of  this  system  \%mc:na:a:  pa,  where 
there  are  to  be  considered  the  vertical  axis,  h,  and  three  eqnal  lateral  axes,  «. 
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It  ie  evident,  however,  that  the  position  of  any  plane  is  detertnined  bv  ita 
intGrsectiotis  ^vith  two  of  the  lateral  axes,  as  its  dire<!tion  with  the  tnird 
follows  directly  from  them.  (Compare  f.  146.)  Consequently,  in  writiiig 
the  svmbol  of  any  plane  it  is  neeeseary  to  take  into  eonsidci'ation  only 
tlie  vertical  axis,  and  two  of  the  lateral  axes  adjacent  to  each  other. 

The  various  liolobedi'al  forms  possible  in  this  system  an;  derived  after 
the  anah>gy  of  those  of  the  tetrafiunal  system.  The  parameters  for  all  the 
lateral  axes  are  given  below  for  sake  of  comparison.  It  is  to  be  noted  here 
that  m  may  be  either  <  1,  or  >  1 ;  n  is  always  >  1  and  <  2,  while  j>  >  2 


uid<  00 ;  further  than  this  it  is  always  true  that  j'= 


n-1 


7nc:na:a:  {pa) 
mc:2a:a:  {iu) 
imc:a:a:  (««) 
lo:«:<.:(»«) 
00  c :  ntj :  a :  (pa) 
<3ac:2a:a:  {2a) 
coca: a:  (coa) 
Ociaia:  (a) 


[tn-n]  when  m  ^  1,    n>  1  and  < 2. 

[m-2J  whenmgl,    n  =  2. 

[m]  when  )«  ^  1,    n  =  l. 

[1]  when  OT  =  1,    n  =  1. 

[i-)ij  when  m  =  oo ,  t^  >  1  and  <  2. 

[i-2J  when  m  =  03 .11  =  2. 

[I]  wlienm  =  a),»  =  l. 

[0]  whenm  =  0,    n  =  l. 

o  explaniLtioD  be^'ond  that  whtoh  bfts  be«n  given  cm  p.  SS ; 


Basal  planes. — The  form  O=0c :  a  '.a  includes  the  two  basal  plai 
hove  ana  below,  parallel  to  the  plane  of  the  lateral  axes. 


Prisms. — The  form  I^txic  :  a  :  a  comprises  the  six  planes  parallel  to 
the  vertical  axis,  and  meeting  the  two  adjoining  lateral  axes  at  equal  dis- 
tances. These  six  planes  with  the  basal  plane  form  the  hexagonal  unit 
priem,  f,  144.  The  form  i-2=oo c:2a-:  a  includes  tlie  six  planes  which 
are  parallel  to  the  veitical  axis  but  meet  one  of  the  lateral  axes  at  the  nnit 
distance,  and  the  other  two  at  double  that  distance.  These  plai.ps  with  the 
basal  plane  form  the  diametral  prism,  f.  145.  The  relations  ot  the  two 
prisms  /  and  t-2  are  shown  mf.l46.  In  f.  147,  it  will  be  seen  that  the  one 
prism  truncates  the  vertical  edges  of  the  other.  The  faces  of  the  i-i 
make  an  angle  of  150"  with  the  faces  of  1.  These  two  piisms  have  an  inti- 
mate connection  with  each  other,  and  together  form  a  regular  twelve^ided 
prism, — a  prism  which  is  crystsllc»>;raphically  impoesible  except  as  the  reaolt 
of  the  combination  of  these  two  different  forma. 
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The  form  t-2  is  a  special  case  of  the  general  form  i-n  or  vio :  na  :  a. 
When  n  is  some  number  less  tlian  2,  and  greatBi'  than  1,  there  mast  be  tvc 
plauee  answering  the  given  uonditions  in  each  sectaut,  and  twelve  in  all 
Together  tiiey  form  the  dihexagonal,  or  twelve-sided,  prism.  This  priam 
bevels  the  edges  of  the  prism  J,  and  the  veilic-al  edges  are  of  two  kinds, 
axial  and  diagonal.  The  valnes  of  n  must  lie  between  1  and  2  ;  some  of 
the  occurring  ftirms  are  i-f,  »-J,  etc 

Hexagonal  pyramids,  ot  Quartzoids, — The  symbol  1=0  :  a  :  o  belongs 
to  the  twelve  planes  of  the  unit  pyramid,  f.  148,  while  the  general  form 
m  =  me  '.a:  a  includes  all  the  pyramids  in  thin  series  where  the  length  of 
the  vertical  axis  is  some  multiple  of  the  assumed  unit  length.  As  m  the 
tetragonal  system,  when  m  diminishes,  the  pyramids  become  more  and 
more  obtuse,  and  the  form  passes  into  the  basal  plane  when  m  is  zero ; 
while  as  m,  increases,  the  pyramids  become  more  and  more  acute,  and  finally 
coineide  with  the  prism  /  These  pyramids  consequently  replace  the  basal 
edges  between  O  and  1,  f.  149,  and  with  them  form  a  vertical  zone  of  planes, 

Tbe  pyramids  of  the  Tn-%  series  have  the  same  relation  to  those  of  the  m 
series,  ]ust  described,  that  the  prism  i-2  has  to  tiie  prism  I,  They  replace 
the  basal  edges  between  i-2  and  0  (f.  145),  and  as  the  value  of  m,  varies, 
give  rise  to  a  series  or  gone  of  planes  between  these  limits. 

The  pyramids  of  botii  the  first  {th)  and  the  second  (wi-iJ)  series  are  well 
shown  iu  f.  150,  of  apatite.  In  the  first  series  there  are  the  pyramids  \,  1, 
and  2  ;  and  in  the  second  seiies  the  pyramids  1-2,  2-2,  and  4-2.     The  cor 


14» 


^^ 


^txtt? 


responding  prisma  /and  t-2  are  also  shown,  and  tlie  zones  between  each  of 
them  ancTthe  basal  plane  0  are  to  be  noticed.  Attention  may  also  be 
called  to  the  fact,  exemplified  here,  that  the  pyramid  2-2  truncates  the  ver- 
tical edges  of  the  pyramid  2  ;  also  1-2  truncates  the  vertical  edges  of  1; 
while  the  latter  form  (1)  also  truncates  the  vertical  edges  of  4-2,  as  is  seen 
iuf.147. 

Dihexagonal  jn/rcMnida,  or  BeryUoids. — The  general  form  mcinaxa 
ffives  the  largest  number  of  similar  planes  possible  in  this  system,  which  is 
here  obviously  twenty-four,  that  is,  two  m  each  of  the  twelve  soctants. 
These  pyramids  correspond  to  the  prisms  of  the  i-n  series,  and  form  the 
dUiexagonal  pyramids,  or  berylloids,  as  in  f.  151. 

The  oerylloid  has  three  kinds  of  edges :  the  axial  edges  X  (f.  151, 152), 
cObnecting  the  apex  with  the  extremity  of  one  of  the  axes ;  the  diagonal 
edges  y,  and  the  basal  edges  Z 

8  r,.iii,-j---;.  >^  HHivn^ 
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In  tlie  upper  pyrami<],  one  of  tlieEe  two  planes  for  e&uh  Bcctant  may  b« 
distingaished  as  me  rigfu.  and  the  other  the  left,  as  lettered  in  f.  152 ;  aiid 
Mie  same,  after  inverting  the  crystal,  for  those  of  the  other  pyramid.  It  is  to 
be  observed  that  in  a  given  position  of  the  form,  as  that  of  f.  151,  the  right 


of  the  upjier  pyramid  will  be  over  the  left  of  the  lower  pyramid,  and  the 
revei-se.  Fig.  153  represents  the  planes  of  such  a  form  m-n  combined  with 
the  unit  prism  /,  and  the  planes  are  lettered  I,  r,  in  accordance  with  the 
above.  In  f.  154,  of  a  crystal  of  beryl,  the  prism  /  is  combined  with  the 
pyramids  1,  2,  2-2,  and  the  berylloid  3-}* 


B.  Hemihedral  Furms. 

I,  Veeticaixy  DiHKor. — The  planes  of  the  iii)per  range  of  sectnnte  being 
in  the  same  vertical  zone  severally  with  tliose  below. 

{A).  Ilemiholohedral. — Half  the  sectants  having  the  full  number  of 
planes : 

1.  Trigonal  pyramids. — The  diametral  pyramid  m-2  is  some-        155 
times  thus  hemihedral,  as  in  the  annexed  figure  (f.  155)  of  acrys-        —^ 
tal  of  quartz,  in  which  there  are  only  three  planes,  2-2  at  each   zjAiffi? 
oxtj-emity,  and  each  of  tliose  above  is  in  tlie  same  zone  with  one  Ny  /  In 
below.     The  completed  form  would  be  an  eq^uilatcral  and  sjmme-  Lk — IJ 
wical  double  three-sided  pyramid.  ^''  P^ 

2.  'Trigonal  pristm. — The  occurrence  of  three  out  of  the  six 

planes  of  the  prism  /,  or  *-2,  prodnces  a  three-sided  prism.  The  prism  I 
IS  thne  hemihedral  in  tourmaline  {f.  156,  a  top  view  of  a  crystal),  and  the 
pi-ism  i-2  in  quartz.  Both  these  forms  properly  belong  to  tlie  Rhombo- 
hedral  division. 

3.  Ditrigonal prisms. — An  hex^onal  prism  hemihedral  to  the  dihexago- 
□al  prism  occurs  in  quartz  and  tourmaline,  the  hexagonal  prism  sometimes 
having  only  tlie  alternate  vertical  edges  bevelled,  as  in  f.  185,  and  f.  1S6, 
p.  40. 

{B).  Jlohketniiteilral. — All  the  sectants  having  half  the  full  number  of 
p.anes: 

1.  Hemi-dih^xagoTial  pijramida. — Each  scctant  lias  one  out  of  the  two 
planes   of    the   dihexagonal  pyramid  (f.  151, 153)  j    this  ia  indicated  by 
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the  ehndiDg  in  f.  167.     The  occnri-ing  pUne  may  be  the  riglit  aWve  and 
left   below,  or  loft    above   and  right  below,   and  the  form  accordingly 


either  rl  m-n,  or  Ir  m-n.  Examples  of  the  firet  of  these  occnr  in  f.  158, 
representing  a  crystal  of  apatite,  the  planes  o{3-J),  and  o'{i-i)  being  of 
this  kind.  This  method  of  hemiliedi'iem  occurs  otily  in  forms  that  are 
true  hexagonal;  it  is  often  caUed jn/raniidal  hemikedrism. 

II.  VtiETioALLT  ALTEENATK,  the  plancB  of  tlie  Qppcr  range  of  eectanta 
being  in  zones  alternate  with  those  below. 

[A)  Jlemihololiedral  forma,  or  those  in  which  half  tlie  aectants  have  the 
fall  number  of  planes  as  in  the 

Bhombohedbal  Division. 

1.  RhomhofiedroTiB,  and  their  retoition  to  Hexagonal  forms. — Tlie  rhora- 
bohedron  is  deiivablfl  from  the  hexagonal  pyramid  by  a  snppreseioQ  of  tlie 
alternate  planes  and  the  extension  of  the  others.  In  f.  159,  if  the  shaded 
planes  in  front  and  the  opix>8ite  ones  behind  are  suppressed,  while  the  others 
are  extended,  a  rhomboliedron  will  bo  derived.  This  ia  furtlier  shown 
in  f.  \C0,  where  the  hexagonal  pyramid  is  represented  witliin  the  rhom- 
boliedron. Another  similar  rliomb»)hedron,  complementary  to  this,  would 
reenlt  from  the  suppression  »f  the  other  alteiTiate  half  of  the  planes.  One 
of  these  rhomboheai'ons  is  called  jninus,  and  the  other  plus  (f.  ,161, 162), 
The  form  in  f.  148  is  made  up,  under  the  rhorabohedral  system,  of  +M 
and  —/i  (or  +1  and  —1)  combined,  as  in  the  annexed  figure  (f.  103),  of  a 
rrystal  of  qnailz. 


Fig.  164  shows  the  combination  of  the  rhombohedron  with  tlie  prisir 
ht  f.  105  tlie  former  ia  more  developed,  and  it  finally  passes  into  the  c 


plete  rbombohedroD,  f.  161.     Id  f.  166  the  rhombohedral  plaues  occur  on 
the  altei-nate  angles  of  the  diagonal  priem  i-2. 

The  aymbol  of  the  unit  rhombohedron  as  referred  to  the  hexagonal  gy*- 
tern  ie  i{o  :  a  :  a),  a  second  rhonnbohedrun  may  be  i{2G  :a  :  a)  and  bo  on  : 
it  IB,  however,  more  simple  to  write  only  +^or  — ^,  and  +2Jior  — 2£,aua 
Bo  on ;  or,  where  there  is  no  confusion  with  the  symbols  of  hexagonal  forms, 
as  +lj  —1,  and  +m,  — m. 


f^f^ 


This  hemihedriam  resulting  in  the  rhombohedron  is  analf^ns,  in  the 
altcniAte  positions  of  the  planes  above  and  below,  to  that  producing  the 
tetndiedroD  in  the  isometric  system.  But  owing  to  the  fact  tliat  there  are 
three  lateral  axes  instead  of  two,  the  rhombohedron  has  its  opposite  faces 
parallel,  unlike  the  tetrahedron. 

In  f.  167  the  planes  H  belong  to 
the  rhoniboliedi'on    +1 ;  |   to  tb« 
rhomboliedron  +f,  having  the  verti- 
i  tical  axis  |c ;   0  ia  the  basal  plane, 
or  matliematiually  the   rhombohe- 
dron   0,   the   vertiua!     axis    being 
Oc.      I    JB   tlie   hexagonal     prism 
00 :  1  : 1,  or  more  properly  a  rhom- 
bohedron with  an  infinite  axis,  oo  a. 
On  tlie  oppt«ite  side  of  /  the  planes 
are  rhombnhedral,  but  belong  to  the 
minus  series;  —J  has  the  vertical 
axisti;;  —4,  ic;  —2,  2o  ;  — f,  ^, 
this  last  being  complementary  to 
+f ,  and  the  same  identical  form,  except  that  all  the  parte 
are  reversed.     Fig,  168,  4- A' represent  different  rhoinbo- 
hedrons  of  tbo  species  caldte:   ^,  the  rhombohedron  1 ; 
-^7  — i ;   ^.  — 2  ;  A  — I;  S,  *  :  having  respectively  for 
the  verttfcal  axis,  Ic,  ic,  2c,  Jc,  4c,  with  c=0.8543,  the  lat- 
eral axes   being  made  equal  to  unity.      In  f.  169   the 
rhombohedron  2  (or  27^  is  combined  with  —1  (or  —li)^ 
the  latter  truncating  the  terminal  edges  of  the  former. 

In  relation  to  the  series  of  +  aud  —  rhonibohedrous  it 

is  important  to  note  that,  since  the  position  of  —ili  is  that 

of  the  verttcal  edge  of  ■+Ii,  in  combination   with  it,  it  truncates  the^c 

edges.     Similarly  +^R  truncates  the  same  ed^  of  — i^,  and  ao  c»). 
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Also  +11  trnnuates  the  edges  of  —2^,  and  —B  the  edges  of  +ili  (f.  169), 
—2R  trnncBtee  the  edgee  of  +4i?,  and  so  on. 

2.  Scaltnohedrona  ;  forms  kemihedi'al  to  the  dihexagondt  pyramid. — As 
the  rhombohedron  la .  a  hemihedral  hexagonal  pyramid  or  quartzoid,  so  a 
scalenohedron  is  a  hemihedral  dihexagonal  pyramid  or  berjUoid.  The 
method  of  hemihedriBin  is  Eiinilar  by  the  Buppression  of  the  planes  of  the 
alternate  sectauts,  as  indicated  by  the  shading  in  f .  170  (analogons  to  f.  159) 
and  the  exteneioD  of  thoee  of  the   other  sectants.     A  scalenohedroi)  is 


fepreeented  in  f.  171,  a  hexagonal  doable  p^Tamid  with  a  zig-zag  basal  oxA- 
line,  and  three  kinds  of  edges ;  the  shorter  terminal  edge  X,  the  longer 
terminal  edge  7,  and  the  basal  edge  Z;  the  lateral  axes  terminate  in  Uie 
middle  of  tho  edges  Z.  There  are  plus  and  wiiawa'scalenohedrons,  as 
tliere  are  plti«  ana  minus  rhombohedroDB,  and  they  bear  the  same  rela- 
tion to  ea^  otlier. 

The  relations  of  the  form  to  replacements  of  the  rhora-  175 
hohedron  are  illustrated  in  the  other  figures.  Fig.  17S  repre- 
sents a  rhombohedron  (^-lor  R)  with  its  basal  edges  bevel- 
led ;  and  this  bevelment,  continued  to  the  obliteration  of  the 
filanea  R,  produces  the  scalenohedron  shown  by  the  dotted 
ioes.  The  scalenohedron  in  f.  171, 173  has  the  vertical  axis 
eqnal  to  3c,  or  three  times  as  long  as  that  of  R,  the  lateral 
axes  of  both  being  equal ;  and  hence  it  is  that  the  planes  are 
lettered  1',  the   1   r&Eernng   to   the  rhombohedron  and  the  \. 

index  '  being  the  multiple  that  gives  the  value  of  the  vertical 
axis  of  the  scalenohedron. 

In  f.  173  there  are  two  scalenohedrons  of  the  same  scries, 
viz.,  1',  1',  combined  with  the  rhombohedrons  R  (or  +1)  and 
+4.    Fig.  174  shows  the  scalenohedron  —  1*  combined  with 
the  rhombohedron  —4  (or  —4^;  and  175,  the  same  with  the  rhombohe- 
dron 6  (-I-5R). 

Other  scalenohedrons  replace  the  basal  angles  of  a  rhombohedron  by 
two  similar  planes  (f.  176);  or  bevel  the  termmal  edges;  or  replace  the 
Lerminal  solid  angles  by  six  planea,  two  to  each  terminal  edge,  or  to  eaob 
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rhombohedral  face ;  » id  they  will  be  relatively  +  or  — ,  according  to  theii 
position  in  one  or  the  other  set  of  sectaute,  as  has  been  explained.  Fig.  ITr 
represeate  tlie  top  view  of  a  cry&tal  of  tourmaline.    It  contains  il\e  rliombo- 


hedntl  planes,  /?,  J,  ^,  — J,— Jj  — f,  —2,  along  with  the  scalenohedrans  —J', 
— 4',  — V,  14>  l"'*"*^  *'**  '"o  othei-B  levelling  the  terminal  edges  of  tlie 
rhombohedroQ  Ji. 

The  Boalenohedrona  ~i',  -^i',  —1*,  bevel  tiia  batttl  edges  of  ChtrhomboliedroD  — 4;  and 
aoDBeqnentij  the  lengths  of  the  axes  ue  reapectiTel;  3,  3,  S  timea  that  of  the  rhombobedroD 
4,  and  faenoe,  equal  le,  Jo,  ^  Ryerj  acaleuohedron  aoiresponds  to  a  hevelmeat  of  the 
basal  edges  of  aome  ihombobedroii — and  that  partioular  one  whose  lateml  edges  are  parnllel 
to  those  of  the  scalenohedron.  The  aymbob  for  IJiem  aonordfcg^r  arc  made  up  of  the 
■jmbol  of  the  rhombohedroa  luid  an  index  which  expreesee  the  eolation  <>i  its  vertical  axis 
aa  to  leaKtli  to  that  of  the  rliombohedionj  acoordiag  to  a  method  proposed  b;  Naumano. 
(See  p.  73.) 

Hexagonal  pyramids  of  the  t»-2  or  diag'mal  scries  ouunr  in 
many  niotnboucdral  apeules ;  as  f.  178  of  coriiudiim,  which 
contains  4-2(r),  4-2,  >^-2  (for  9^2  on  the  figure  read  *JL2,  Klein), 
along  with  the  rhomliohedron  1,  and  the  liasal  plaiie  O;  also 
f.  167,  in  which  is  the  pyramid  2-2.  Hemihedrat  forms  of  tlie 
same  pyramids  (of  the  kind  described  on  p.  34)  are  met  with  in 
rhombohedral  species,  but  only  aiich  as  have  also  tetartohedral 
modifiuations.  Hemibedral  forms  of  the  hexagonal  and  dihex- 
agoiial  prisms  (p.  34)  are  also  characteristic  of  some  rliombobedral 
species,  and  of  those  that  have  eithei*  tetartohedral  or  hemimorphic  inodifi- 
c»tioas. 

Fig.  179  Ulnstntes  the  relative  potitlona  of  the  Eones  of 

the  +  and  —  rhombohedrona,  and  diagonal  pyramids  m-2 
alteniatiBg  with  i«^ons  of  -v-  and  —  a^cDohedrons  in  th« 
Bcheme  of  the  ihombohedral  Bystem.  The  figure  ia  supposed 
to  be  a  top  view.  It  ia  aimilar  to  f.  1>12,  p.  84,  and  like  that 
onutaina  the  upper  planes  of  the  dlbexogonat  pyramid ;  bat 
these  are  divided  between  a  ptas  and  a  minut  acolenohediou, 
those  planes  maiked  +  being  the  former,  and  the  othem  (— )  the 
latter.  The  tbiee  lateral  oxen  are  lettered  each  bb.  The  posi- 
tion of  the  +mfizoneof  planes  (oc  ^ilil^  rhombobedroos)  relativs 
to  the  Bcalenohedrona  ia  shown  by  the  lettering  +£;  of  the 
—mBmate  (ormintwrlionibobedroQs)  by  —Jl.  The  position  of 
the  veitioal  zone  of  m-2,  or  diametral  pyramidal  planes,  ia 
indicated  by  the  latter  d.  The  order  of  sncceasion,  beginning 
wMi  one  of  the  phu  iutaraxial  sectants  (the  one  in  the  medial  line  below}  and  nnmberiiig  S 
I,  kasfoUowa: 
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I   (1)  Rna  und^DoIiedToiiB,  «i  plaiiM  of  th«  B^uetal  form  +M*. 
J.  ^   (2)  Zoanof  pIoB  tbombohedrona,  +mli. 

{    (3)  Plos  loalenohedroiiB,  or  plimos  of  the  genenl  form  +m\ 
(4)  ^one  of  dingonal  pynunids,  m-2. 

i(!S>  Vinos  scnlenofaedrona.  or  prlaim  of  the  £«nenl  form  — m*. 
(6)  Zoaa  of  miitiiB  rhombohedixma,  —mli. 
(7)  Minns  BoalouohedroQi,  —tit'. 
(8)  Zone  of  diagonal  pyrnmids,  m-S, 

i{9)  Plus  KalenohedroDH,  +m: 
[10}  Zone  of  plus  rhombohedrons,  +niA 
(11)   Plna  dcalenohfldrons,  +m'. 
(12)  ^oae  of  diogooa]  pyniinids. 
And  10  on  nroand,  aa  the  Egnre  illnBtraten.     In  the  loiter  pTramid  the  order  of  unooetoon  ii 
the  Bama  ;  but  ttie  plat  planes  are  dizectly  tialow  the  minut  of  the  above  riew  of  ^le  nppet 
pyramid. 

The  jiiu  ■culenohedrona  have  the  pyramidal  edge  oyer  the  +mR  seotion,  the  man 
obtiase  of  the  two  (or  edge  T) ;  and  the  minut  eoaleoohedroiia  haTo  that  edgn  Uia  leia  aUniM 
(or  edge  X),  and  that  ovec  th«  ~mR  MoUao  the  more  obtoae  (or  edge  T). 

B.  Ilolohemihedi'al  forms,  or  those  in  wluch  all  the  Bectants  havo  half 
the  full  number  of  j)lane8  (as  shown  by  the  shading  in  f.  180). 

Gyroidcd,  or  trapesokedral  forms. — Of  the  planes,  in  f.  181  there  wonld 
occur  only  those  lettered  r,  r,  above  and  below  ;  or  those  lettered  I,  I,  and, 
anlik«  f.  157,  the  planes  above  and  lielow  ai-e  not  in  the  same  zone.     The 


form  is  eonaeqnently  gyroidal,  the  planes  being  inclined  aronnd  the  prrBm, 
both  above  and  below,  and  in  the  same  direction  at  the  two  extremities. 
It  is  also  called  plagihedral.  The  symbol  for  the  planes  is  rr  m-n,  or 
Um^,  according  as  the  occurring  planes  of  the  two  iti  the  same  sector  are 
the  riffhi  or  the  left.     Fig.  182  la  an  example  of  U  6-J  in  the  species  quartz. 

O.  Tetartohedral  Forms. 

These  forms  are  hemihedral  to  the  Rhombohedron. 

(A)  ^oloTnorphic forms,  like  the  precedinfr  hemihedral,  the  planes  occur- 
ting  equally  in  tlie  upper  and  lower  ran^  of  sectanta. 

1,  lihotnbohedral  tetartohedrism,. — Occnrring  planes  the  alternate  cf 
thoee  mentioned  on  pt^  35,  that  is,  the  alternate  planes  r  of  one  base, 
and  I  of  the  other.    They  are  the  r  of  three  alternate  sectnnts  above,  ana 
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the  I  of  three  sectauts  below  alternate  with  these.  A  form  of  thie  kitia 
uotisista  of  six  equal  planes,  cqnallv  spaced,  and  hence,  equal  in  incline 
tions,  and  ia  therefore,  in  the  completed  state,  a  rhoinbohedron.  It  occurs 
in  meiiKccanite  or  titanic  iron,  and  in  quartz  (f.  183,  planes  13-^  J), 

2.  Oyroidal  or  trapezokedral  tetartohedrism. — Occurring  planes  the 
alternate  of  those  lettered  rot  Im  i.  153,  p.  34,  that  is,  the  alternate  planee 
r,  or  alternate  I,  of  both  bases. 

18S  ISi  185 


In  f.  185,  the  olanes  o",  c",  i?"',  o",  o-  (i-J,  5-*,  6-J,  8-t,  Z-\,  the  first 
fourri^A^,  the  last  left)  are  examples.  The  upper  ana  lower  of  a  kind  adjoin 
the  satne  diametral  plane,  but  are  on  opposite  sides  of  it,  and  therefore  the 
three  sectauts  containing  planes  below  are  alternate  witli  the  three  above. 
The  solid  made  of  these  six  planes  (f.  184)  has  trapezoidal  faces,  and  ia 
called  a  trigonotype  by  Naiimanu. 

The  tetai-toliedi-al  planes  on  quartz  and  cinnabar  have  a  remarkable  con- 
nection with  the  circular  polarization  which  is  characteristic  of  them 
both,  and  which  is  further  explained  elsewhere  (p.  142), 

(B)  Ilemhnorphic  forms;  the  planes  occurring  either  in  the  upper  or 
the  lower  range  of  sectants  aad  not  in  both. 

There  are  two  kinds  of  fonus :  (1)  the  hemi^honAohadron,  and  (2)  the 
kemi-«calsnohedron.  Fig.  186  illustrates  each  of  these 
forms.  The  form  JR  is  properly  hemihedral  at  the  two 
extremities,  its  planes  being  very  large  at  one,  and 
quite  small  at  the  other.  So  with  —i.  Another  rhom- 
Dohedron,  —2,  occurs  only  at  the  upper  extremity. 
Again,  i'  is  a  hemi-scaleDohedron,  the  upper  six  planes 
bomg  present,  but  not  the  lower. 

The  prism  /  in  this  figure  is  hemihedral,  as  explained 
on  p.  34.  It  is  not  tetartohedral  to  the  hexagonal 
system  in  the  ordinary  view.  But  since  in  a  vertical 
zone  -^mR,  oo  R,  —mR,  the  m  R  may  be  regarded  as 
the  infinite  term  of  either  the  +tn.ii  series,  or  else  the 
same  of  the  ~tiiR  series;  and  as  this  view  accords  with 
the  tetartoliedral  character  of  the  7nR  series  in  all  such 
crystals,  it  might  be  ranked  among  tetartohedral  forms, 
From  the  same  ptnnt  of  view,  w.e  ditrigonal  prisms  in  toomullQe  aiuj 
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qnartz  are  tetartohedrsi,  since  they  may  be  regarded  as  either  pins  or  miuoa 
tetartohedral  aoalenohedrons,  with  an  infinite  vertical  axia. 

Variable  elements. — In  the  hexi^nal  ejstem  the  Bame  elemente  are  van- 
able  as  in  the  tetragonal  (see  p.  30).  In  other  words,  the  position  of  the 
vertical  axis  ia  fixed,  but  (1)  a  certain  length  mnst  be  assnined  asthennit 
in  a  given  specieB,  and  also  (2)  the  position  of  the  lateral  axes  must  bo  fixed, 
for,  as  in  r.  144, 145,  either  of  the  hexagonal  prisms  may  be  made  /  and 
the  other  i-2. 

The  {/erieral  characteristics  of  this  system  which  the  stndent  mnst  be 
acquainted  with  are:  (1)  The  planes  constantly  occur  in  threes  or  sizes, 
or  their  multiples ;  {3)  The  frequency  of  the  angles  120°  and  150°  in  the 
prismatic  series ;  (3)  The  rhombohednd  cleavage,  common  in  species  l)e- 
ktngine  to  the  rhombohedral  division.  It  is  also  importaTit  to  note  that 
many  forms  a^arenUy  hexagonal  really  belong  to  the  orthorhombic  system, 
being  produced  by  twinning  parallel  to  the  vertical  prism  ;  6.g.,  the  appar- 
ently hexagonal  priemB  of  aragonite.  The  cloee  relation  of  the  two  systems 
is  spoken  of  elsewhere  (p.  46). 

The  planes  of  gymmetry  for  the  holohcdral  forms  are  analogoos  to  those 
in  the  tetnu^nal  system  ;  that  is,  one  principal  plane  of  symmetn'  normal 
to  the  vertical  axis,  and  six  others  intersecting  in  this  axis.  These  last 
belong  to  two  sets,  the  planes  of  the  one  cutting  each  other  at  angles  of 
60°,  and  diagonal  to  those  of  the  other. 


IT.— ORTHOBHOMBIO  SYSTEM. 

In  the  OttraoBHOUBio  srsTSif  the  three  axes  are  unequal  hyb,i;  of  these 
i  is  the  vertical  axis,  l  is  made  the  longer  of  the  two  lateral  axes,  or  the 
macrod-iaoonal  axis,  and  4  the  shorter  lateral,  or  brachydiagonal,  axis.* 

The  different  occurring  forms,  dednoed  M  before  from  the  general  ex- 
pression, are : 

Iffu) :  n5  :  a  [^n-A] 

moxhina  [m-A] 

mo:b:a  [«»] 

o:i:a  [IJ 

mo:  oob  :  a  [m-t] 

mc:b  '.to a  {m-i] 

Tha  tbOagti  sf  mboU  need  ^erj  lilble  expUnation  oddLtloiiBl  to  that  given  on  p.  20.  As 
b«fc(a,  odI;  tbe  essential  port  of  tha  symbol  is  giren  ;  m  is  written  first,  and  MfOTB  In  all 
casus  to  the  Tertiosl  axis  (d),  and  n  refers  to  one  of  the  Uteial  axes,  whether  the  longw  {i) 
ta  the  ■hortei  (4)  is  indioated  bj  the  sigD  placed  over  it,  as  n  or  n.  Whea  n=«o,  Ihia  ii 
bdloated  ^  the  i  hitherto  need,  and  the  iiga  ia  ptaoed  over  it,  I,  or  f,  with  Uie  Mune  liani* 
•oaUoB.  Thew)  oaBeapond  to  the  Bvmbob  osed  bf  Haamann,  as  followa:  0=0/*;  M= 
«ii%;  M=flBitt;  »Pn=i'n;  mP»=mt\  nP=m;  m-A=mPA,- »to. 

a  thoe  lettered  to  thoee  of  Dana's  System  of  Klneialogjr  ni 
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A,  ffohhedral  Forms. 

Pmaeoids, — The  fioal  case  mentioned  in  the  above  enumeration  em 
braces,  as  before,  the  two  basal  planes,  ur  basal  pinacoids ;  the  one  pre- 
ceding  it  includeB  the  two  planes  parallel  to  the  vertical  and  macrodiagonal 
axee  {;;  and  i),  called  the  ■macropinacoids,  and  the  next  above  inelndea  the 
planes  piirallel  to  the  vertical  and  brachydi agonal  axas  (c  and  a),  called  the 
hrachypiiiacoids.  These  three  seta  of  planes  together  form  the  solid  in 
f.  188,  which  is  called  the  diametral  prism.  In  consequence  of  the  ine- 
qnality  of  tlie  different  paiis  of  planes  there  are  only  four  similar  edges  in 
any  setj  thus  four  similar  vertical  edges ;  four  macrodiagonal  basal  edges, 
two  above  and  two  below,  between  0  and  i-i ;  and  similarly  four  bratdiy- 
dia^nal  basal  edges  betweea  0  and  i-l ;  the  eight  solid  angles  arc  euI 
eimilar. 


fjT 


t 
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Prisms. — The  form  qo  c  :  A  :  iz,  or  /,  inclndes  the  four  planes  of  the  nnit 
prism  which,  in  combination  with  O,  is  seen  in  f.  187,  In  tliia  case  the. 
eight  basal  edges  are  similar,  bein»  made  in  each  caae  by  a  similar  pair  of 
planes  0  and  /.  Of  the  vertical  edges  there  are  two  paira,  those  at 
the_extremity  of  the  axis  &,  which  are  obtnse,  and  those  at  the  extremity 
of  fi,  which  are  acute.  Similarly,  there  are  two  sets  of  basal  solid  angles, 
four  in  each;  for  thongh  each  solid  angle  is  formed  by  the  meeting  of 
the  same  three  planes,  the  angles  are  different  in  the  two  cases.  The 
form    /  replaces  the  fonr  similar  vertical  edges  of  f.  188  ;  the   macro- 

()inaooids  *-»  truncate  the  obtuse  vertical  edges  of  the  prism  I,  and  the 
ii-achj-pinacoids  i-Utnincatetheaccte  vertical  eages  of /,  as  shown  in  f.  189. 
There  are.  two  other  series  of    prisms  with  symbols  ^c.nh'.a  and 
tiG\h'.na.     In  the  latter  series  the  axisi  is  made  t!io  unit ;  the  I'eason  for 
this  will  be  obvious  when  the  relations  of  the  two  forms  ai-e  explained. 
The  prism  I  meets  both  axes  a  and 
190  191  i  at  tneir  nnit  lengtlis,  as  in  f.  187. 

If,  now,  the  prismatic  planes  meet 
the  longer  lateial  axis  (J)  at  a  gi-eate*" 
distance,  a  prism  is  foiined  sucJi  as 
that  in  f .  1 90,  whose  symbol  is  v  2,  or 
ooc  :  2&  :  a.  Tiiis  is  a  macrodiago- 
nal prism  ;  and  othei's  might  have 
the  symbols  i-3  (qo  c  :  35  :  a),  i-i  (co  e  :  45  :  o),  and  so  on,  oi-  in  gciici-al  i-n. 
If  »  becomes  less -than  miity,  the  case  shown  in  f.  191  arises  where  the 
inner  prism  has  n=\,  and  the  symbol  is  i-J  (oo  c :  45  :  a),  still  i-ctAining  d  as 
the  unit  axis.  For  convenience  of  reference,  however,  the  principle  before 
explained  (p.  11)  is  made  use  of,  and  the  plane  is  called  oo  <; :  d  :  iin,  oi  t-S ; 
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fheeo  expreaeioiiB  Bnd  tlioee  before  gircn  being  identical,  except  that  in 
the  latter  case  b  is  the  unit  a7:ig.  By  tliis  method  the  nee  of  any  fi'actionB 
less  than  unity  is  avoided.  The  inner  prism  «-T,  indicated  by  dotted  Unea 
ill  f.  191,  then  beonies  the  outer  ptiBm  or  i-i.  The  prisms  of  the  genei-al 
form  i-A,  are  <;al]ed  bracliy diagonal  prisms. 

The  pi-isins  i-ft  bevel  the  fiont  and  rear  (obtnae)  edfjes  of  the  prism  T, 
f.  19SJ,  and  the  prisms  i-Zi  bevel  the  &ide  (acute)  edges  as  in  f,  193.  Further, 
the  former,  *-n,  replace  the  edges  between  i-*  ana  /  (f.  194),  while  the  *-A 
prisms  i-eplace  the  edges  between  i-i  and  7  (f.  194). 

This  fleriea  of  planes  (f.  194),  fram  i-i  to  »-f,  is  another  example  of  a 
zone;  all  the  planes  make  parallel  intersections  with  each  other,  being  alike 
ui  that  they  are  parallel  to  the  vertical  axis. 


1«S 


m 


fffl 


Domea. — The  form  mo :  qo  &  :  a  includes  the  four  planes  which  are 
uarallel  to  the  macrodiagonal  axis,  and  meet  the  vertical  axis  at  variable 
distances,  multiples  of  the  unit  length  (see  f.  34,  p.  11).  An  example  of 
them  in  combmation  with  i-l,  tlie  brachypinacoid,  is  shown  in  f.  195. 
Theae  planes  are  called  macrodomes  (see  also  f .  196). 


The  form  mc  :  J  ;  oo  a  inclades  four  analogous  planes,  which  differ  in 
this  respect,  that  they  are  parallel  to  the  brachydif^nal  axis,  and  are  henea 
called  orachydomea  (see  £.  35,  p.  11).  In  this  case,  the  longer  lateral  axis 
is  taken  as  the  unit.  Fig.  197  shows  two  such  brachydomes,  \-i  and  2-1^ 
in  combination  with  other  forms.  (See  also  f^  198.)  The  word  dnme,  used 
Iwre  and  above,  is  derived  from  So/*jJ,  or  domus,  a  house,  the  fonn  tcBcm- 
':^'.ing  the  roof  of  a  house. 

The  combination  of  l-»  with  l-I  is  shown  in  f.  199,forniingarectangular 
Octahedron,  and  in  f.  200  they  are  shown  replacing  the  solid  angles  formed 
by  I  and  0,  as  in  f.  188.  As  either  of  the  three  directions  may  be  made 
the  vertical,  it  is  evident  that  these  domes  differ  from  vertical  prisou  only 
in  position. 

n  .J  li/j'- :;■-  \^it.ll.lS;iV- 
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The  occmrence  of  these  domes  in  combination  with  the  other  forms,  O^ 
i^»-<,^a^rd0  an  illnBti-ation  of  the  law  of  symmetry  that  all  similar 
parte  must  be  modified  alike.    Thns  in  f. 
199  200  187,  as  bae  been  shown,  there  are  two  seta 

of  solid  angles,  fonr  in  each ;  one  set  is 
replaced  by  tlie  fonr  planes  of  the  form 
m-t,  and  if  ono  is,  all  must  be ;  and  the 
other  set  (lateral)  is  replaced  by  the  fonr 
planes  of  the  form  m-i,  f.  200. 

Ociahedrona  {trr  Pyramids). — The  sym- 
bol fl  :  i  :  a  (1)  belongs  to  the  nnit  octahedron  (f.  201).  It  replaces  the 
edgea  between  the  prism  1  and  the  basal  plane  O  (f.  202).    It  also  replaces 


tlie  eight  similar  solid  angles  of  the  diametral  piism,  as  in  f .  303.  This 
is  a  special  case  of  the  form  mc  :  £  :  a,  in  which  m.  may  have  values  vary- 
ing from  0  to  00  .  Fig.  208,  of  anlphnr,  shows  a  zone  of  such  planes,  of 
the  general  symbol  mc-.b  -.a,  with  m=ao  for  /;  also,  m=\,  m=i,  m=i, 
f^=\,  and  finally  m— 0,  for  the  basal  plane  O, 


r^=-i 


The  general  form  in  this  system,  consisting  of  eight  similar  planes,  may 
l>e  written  either  mc:nh\  a  {m-A)  or  mc  :o:na  {m-A).  The  relation  be- 
tween the  two  is  the  same  as  that  between  the  prisms  i^;  and  i-A.  Thus, 
in  t  204,  one  plane  of  the  octahedron  2o:  '2h  :  a  (2-!)  is  given,  and  also  one 
plane  of  another  octahedron  or  pyramid,  whose  symbol  is2o:h:  a  (2).  If 
n  becomes  less  than  unity,  as  i,  the  plane  has  the  syinl)Oi  2e:il> :  a  (2-}). 
Ill  order  to  avoid  this  nse  of  fractions  the  symbol  is  written  4c  :  b  :  2a, 
that  is,  4-i.  The  plane  is  shown  in  f.  205,  in  its  two  positions  correspond- 
ing to  ieiib:  a,  and  ie:b:2a,  the  two  being  crystallogntphioally  idea- 
lioal. 

n.iii,-j'--;.  V-  it.n.i>,;n^ 
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Thnii  there  are  two  aeries  of  pyramidal  planes :  a  macrodutgcmal  ',rn-A) 
where  the  shorter  axia  la  taken  as  the  unit,  and  a 
brachydiagontd  (»i-A),  where  tlie  nnit  is  the  longer 
lateral  axis;  and  between  the  two  lie  the  unit 
octahedron  (1)  and  those  of  the  tn  series,  jnst  as 
the  priam  /  lies  between  the  prisms  irii  and  v4i. 
The  macrodiagonal  planes  1-S  and  2-3  are  shown 
in  f.  206  and  ?.  207.  It  is  also  seen  in  f.  207  tliat 
the  planes  2-2,  ^4,  2-S  all  make  parallel  intflraec-  •  | 
tions  with  each  other  and' with  i-f,  being  an 
example  of  a  zone  where  the  ratios  of  the  ver- 
tical axes  are  the  same.  Further  orthorhombic 
forms  are  displayed  in  f.  208,  of  snlphnr,  already 
referi-ed  to  The  fnll  ajnibol  of  the  plane  1-1  is 
e:b:Za. 


B.  Hemahedral  Forma. 


SnlptaoL 


The  hemihedral  forma  that  have  been  observed  are  of  two  kinds :  1, 
The  vffrticaUy-ohliqve  (p.  14),  producing  morux^inia  forms;  and  2,  the 
hemiviorphic,  in  which  tne  planes  of  the  octahedrons  or  domes  of  one  base 
have  no  corresponding  planes  at  the  opposite  extremity.     The  former  kind 
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is  illuetrated  in  f.  209,  of  the  species  chondrodite  (var,  humite,  type  111). 
Fig.  210  represents  the  holohedral  form  of  the  same  ;  the  planes  f-i,  1-*. 
2-t,  are  of  macrodomes  ;  if^,  \-i,  ^l,  4-i,  of  brachydomes  ;  and  theothersof 
various  octahedrons,  mostly  in  two  vertical  zones,  the  unit  zone  {ma  :  i  :  a), 
and  the  1  :  2  zone  {ma  :  2$  :  a).  In  f.  209  the  alternate  of  the  macro- 
domes  and  of  the  octahedral  planes  of  the  1  :  2  zone  are  absent  in  the 
upper  half  of  the  form,  and  are  present  without  those  with  which  tliey 
alternate  in  the  lower  half.  The  ciystal  consequently  resemblca  one  under 
the  monoclinic  system. 

Oatolite  was  formerly  cited  as  a  liemihedral  orthorhombic  species,  but  it 
has  been  found  to  be  really  monoclinic.  Furthermore,  ithaa  oeen  recently 
ahown  by  &e  author,  by  referrace  to  the  optical  properties,  that  the  chon 
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drodite  of  the  second  and  third  typee  (aee  p.  327)  is  not  orthoihoinbk  bnt 
moTwcUnic,  and  this  must  be  true  also  of  humite.* 

Ilemiinorphic  forma  characterize  the  sueciea  topaz  aiid  calamiue.  The 
latter  {in  f.  211)  has  only  the  planes  of  a  neinioutahedroii  at  ore  oxtremity, 
and  planes  of  hemidoines  at  the  other.  For  the  pjro-electrio  properties  of 
Buch  formB,  see  p.  169. 

Vai-iaMe  elements. — In  the  orthorhombic  Bjstem  the  lengths  of  the  three 
axes  are  variable,  thom;h  their  position  is  fixed,  and  after  these  are  fixed 
the  choice  of  one  for  tut  vertical  axis  innat  be  arbitrarily  made.  In  other 
woi-ds,  given  an  orthorliombic  crystal,  the  tlii-ee  i-ectangiilar  directions  are 
fixed,  but  iiBO  assumptions  mnst  be  made  which  will  mathematically  deter- 
mine the  length  of  two  of  the  axes  in  terms  of  the  tliird.  For  instance, 
in  a  crystal,  if  certain  occurring  domes  are  adopted  asthennit  planes  1-* 
and  l-{,  tliia  will  determine  the  i-elative  lengths  of  the  three  axes,  for 
which  two  oieasurenients  will  be  necessary ;  or,  if  an  occurring  octahe- 
dron is  assumed  as  the  unit  octahedron  (1,)  this  alone  will  obviously  fix  the 
axes ;  but  here,  also,  two  independent  meaBuremeuts  are  necessaiy  in  order 
to  enable  us  to  calculate  tbeir  length,  as  is  explained  later,  p.  74.  Hat- 
ing determined  upon  the  relative  lengths  of  the  axes,  one  of  these  mnst  be 
made  the  veitical  axis  (c),  and  tlien,  of  the  two  remaining,  the  shorter  will 
be  the  brachydiagonal  (a),  and  the  longer  the  macrodiagonal  axis  (J), 

In  deciding  these  arbitrary  points,  the  following  serve  as  gnidea;  The 
habit  of  the  crystals ;  the  relations  of  the  given  species  to  those  allied  in 
composition;  tlie  cleavage,  which  is  regarded  as  pointing  to  tliiit  form 
which  is  properly  fundamental ;  and  other  considerations.  How  arbitrary 
the  choice  generally  is  is  well  shown  by  the  fact  tliat,  in  a  considerable 
number  of  species  belonging  to  this  system,  different  lengths  of  axes,  as 
also  ditl'i'rcnt  positions  for  them,  have  been  adopted  by  different  authors. 
Where  an  optical  examination  can  be  made  of  an  orthorhombic  cijstal, 
the  results  show  what  the  ti-ue  position  of  the  axes  is,  in  accordance  with 
the  principles  proposed  by  Schrauf.  Tliis  subject  is  alluded  to  again  in  its 
prooer  place  (p.  161). 

The  general  characieristios  of  the  crystals  of  this  syBlcm  ai-e  not  so 
marked  a^  those  of  the  preceding  systems.  The  kind  of  symmetry  should 
be  well  understood,  though,  as  remarked  on  p.  50,  crystals  which  are  in 
appearance  orthorhombic  may  be  really  nionocHnic;  the  true  test  of  the 
Bystein  is  to  be  found  in  tlte  three  rectangular  axial  directionB.  A  pris- 
matic habit  is  very  common,  the  prisms  (except  the  diametral  prism)  not 
being  sqnai-e,  also  the  prominence  of  some  of  the  most  commonly  occur- 
ring macrodomea  and  Iji-achydomes ;  a  prismatic  cleavage  is  common, 
and  often  a  cleavage  exists  parallel  to  one  of  the  piuacoids  {e.g.,  t-l) 
and  not  to  the  other,  wJiich  c^inld  not  be  true  in  the  tetragonal  system ; 
similarly  the  planes  iA,  i-i  are  sometimes  physically  differeut,  e.g.,  in 
regard  to  lustre. 

As  has  alieady  been  remarked,  forms  apparently  hexagonal  are  common 
among  certain  species  belonging  to  this  system ;  this  is  tnie  in  those  casee 

*  Hiiioo  the  nbove  paragraph  wba  put  into  type,  Dea  Cloueaaz  baa  annoiutosd  that  nn  optt> 
eol  inveetigution  b;  him  bua  jirvved  Ihu'^  humite  ciyBtali,  of  tjpes  II.  and  III.,  are  Mtdlj 
aonoilinit.  tia  Bog^sted  above.  The  SgureB  uo  oUoired  to  reina^,  tkowevei,  wnce  the;  illna 
tMta  UiB  focm  which  thU  wetl  od  of  heiuih«diiam  nxndd  produce. 


vriiere  the  prism  has  an  angle  approximating  to  130^.  It  is  immeiliatelj 
evident,  na  is  explained  more  tnonmghly  in  the  chapter  on  coioponnd 
crvBtale,  tliat  if  three  individual  crystals  are  united  each  by  a  pritjuiatia 
face,  when  the  priematio  angle  ie  near  120°,  they  will  form  together 
R  »ix-eided  prism,  appixjxi mating  more  or  less  cl(«ely  to  a  regular  hexa 
goiial  priam.  Similarly,  under  the  same  circumstances,  the  correspond 
ing  pyramids  will  thus  together  form  a  more  or  less  symmetrical  hexagonal 
pyramid.  Tliis  is  illneti-at^id  by  the  accompanying 
tigni-ea  of  witherite,  where  the  prismatic  angle  is  118  ,  313  218 

3u'.  It  need  hardly  be  added  that  this  is  trne  in 
geuerul,  not  only  of  the  vertical  prism,  but  also  of  a 
macrodome  or  biiichydome,  having  an  angle  near  120°. 
The  optical  ralatiuns  connected  with  this  subject  are 
alluded  to  elsewhere,  p.  151. 

Planes  of  Symmetry. — The  three  diametral  planes 
are  pianos  of  ^mmetry  in  this  system,  and  they  are  the  only 


v.— MONOCLTNIO  SYSTEM. 

In  tlio  MoNocLiNio  BYSTEU  the  three  axes  are  un- 
equal in  length,  aud  while  two  of  them  have  rectan- 
gular intereections,  tlie  tliird  is  oblique.  The  position 
usually  adopted  for  these  axes  is  as  shown  in  f.  314, 
where  the  vertical  axis,  c,  and  lateral  axis,  b,  make 
rctangutar  intei-sectitmu,  The  same  is  true  of  b  and 
d,  while  c  and  d  are  oblique  to  one  another. 

The  following  is  an  enumeration  of  the  several 
distinct  forms  possible  in  this  system,  deduced,  as  be- 
fore, from  the  general  expression : 
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The  »bridged  synibo'i  oorw«pond  to  those  fn  the  ort^torhombic  syrtem,  exploinad  on  p.  42. 
The  only  point  to  bo  noted  is  that  where  n  or  i  relates  to  the  clinodiagoiial  eik>h.  d,  this  ii 
bidicttteil  by  uu  ncceat  pluoed  over  it,  as  m-l.  m-il  ■  bnt  in  m-t,  and  >n-n,  etc.,  i  and  n  refei 
to  the  orthoding^nal  axis.  Nanmann  wrote  these  mPco ,  and  inJ':r,  or  else  with  tha 
■eoenC  aoiose  the  initial  letter  P.     The  minna  aigni  are  used  in  the  same  waj  db  b;  Naumnna 

(IM  p.  It). 

Pinaarids. — As  in  the  orthorhonibic  system,  there  are  three  paira  of 
pinacoidal  planes :  the  base  0=(io  :  i  :  o;  the  oHkopinacoid,  parallel  to  the 

'7  ■"     '       o 
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wtho-BziB  (})  oo  0 :  00  }  :  (t,  or  fr^' ;  and  the  dinopinaeoid,  psr&llel  to  the  in 
dined  axis  (<i),  <o  <; :  & :  oo  a,  or  «-i. 

In  the  Bolid  (f.  216)  or  diametral  prism  formed  of  theee  three  pairs  d 
planeo,  the  foar  vertical  edges  are  similar,  and  this  is  also  true  of  the  foui 
edgoB  between  0  and  *-4,  On  the  otherhaiid,  tlie  four  remaining  edgeeara 
of  two  'ietfl;  that  is,  the  edge  in  front  above  is  similar  to  the  edge  be- 
hind and  below,  for  the  angles  are  eqnal 
and  iQcloeed  by  similar  planes;  buttheae 
edges  are  not  similar  to  the  remaining 
two,  since,  tliough  the  planes  are  the 
same,  the  inclosed  angles  are  unequal  to 
the  former.  Further,  there  are  two  seta 
of  solid  angles,  two  in  front  and  two  dia- 
gonally opposite  behind,  being  alike  ob- 
tase  angles,  and  the  other  four  alike  and  acute. 

Prisma. — In  consequence  of  the  similarity  of  the  vertical  edges  of  the 
diametral  prism,  they  must  all  be  replaced  if  one  is  ;  litis  is  done  by  the 
unit  prism  /(oo  c:b:a),  in  f.  215,  217. 

Of  the  other  prisms,  each  obviously  consist' 
ing  of  four  planes,  there  are  two  series,  the 
orUiodi agonal,  i-n,  and  ciinodi agonal,  t-A, 
bearing  the  same  relation  to  each  other  as 
the  macro-  and  brac.hy-di agonal  prisms  in 
the  orthorhombic  system,  in  fact,  the  same 
explanation  may  be  made  nse  of  here.  Fig. 
317,  of  a  crystal  of  datolite  fram  Too^iana, 
shows  the  pinacoid  planes,  as  also  tlie  unit 
prism,  /,  and  the  clitiodiagonal  prism,  *-S. 

(Mnodomea. — The  foi-m  77i-i  {mc  :  }  :  oo  a) 
includes  the  fonr  planes  parallel  to  the  clino- 
diagonal  axis,  and  meeting  the  others  at  variable  distances.  They  are  analo- 
eons  to  the  bracliydomes  of  the  orthorhombic  system.  There  are  four  of 
these  planes,  because  the  two  axes,  c  and  b,  make  rectangular  intersectiona. 
This  is  also  seen  in  f.  218,  sinte,  as  has  been  remarked,  the  four  clino- 
diagoiial  edges  in  f.  215  are  similar,  and  hence  are  simultaneously  replaced 
by  these  ch'nodomes. 
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Orthodomea. — Of  the  general  form,  mc '.  <r>  b '.  a,  there  are  two  sets  oi 
planes,  two  in  each  {hemi-orthodom««),  both  of  which  are  alike  in  that  they 
are  parallel  to  the  ortbodiagonal  (b)  axis  (see  f.  219).  They  are  imlike,  how- 
ever, in  that  two  are  opposite  au  olituse  angle,  and  two  opposite  the  acute 
angle.     Oonseqaeutly  these  two  pairs  of  planes  are  distinct,  and  mast  occur 


40 

independently  of  each  other.  To  distingniah  between  them,  those  beloiigmg 
to  the  obtnEe  sectantft  receive  the  minus  sign  (— wi-i),  and  those  belonging 
to  the  acfitfi-aectantB  the  plus  sign  {+tnr4),  f.  219.  This  samepoint  is  illus- 
trated by  f .  220,  where,  as  has  been  remarked,  the  obtuse  edges,  above  in 


(f^ 


^ 


front,  and  below  behind,  are  similar,  and  are  hence  replaced  by  planes  of 
the  — ni^  series,  while  the  remaining  two  (f.  221),  are  ^so  similar,  and  ai'e 
replaced  by  H-m-i  planes. 

Hemi-octahedrons. — The  same  distinotion  of  plus  and  minns  belongB  to 
all  the  pyramidal  planes,  and  the  signs  are  iised  in  the  same  way.  Foi 
each  form  there  are  only  four  similar  planes. 

The  m,  series  is  that  of  the  unit  octahedrons, — properly  hemi-octahe- 
drons, or  hemi-pyraraids  +to  and  —Tn.  The  form  made  up  of  +1  and  —1 
is  seen  in  i.  223,  and  in  f.  222  the  same  planes  are  in  combination  with  the 
three  pinacoids. 

The  general  form,  +m-n,  —m-n,  and  -f-m-A,  —m-h,  mve  each  four  simi- 
lar planes.  They  bear  exactly  the  samo  relation  to  each  other  as  the  mrfi 
and  fn-A  of  the  ortborhombic  system,  so  that  no  additional  explanation  is 
needed  here  in  regard  to  them. 

The  figure  (f.  217)  of  datolite  may  be  referred  to  for  illustrations  of  the 
different  fomis  which  have  been  named.  There  are  here  three  different 
clinodomea  |-i,  24,  and  44,  each  comprising  four  planes ;  a  minus  hemi- 
orthodoiiie  (opposite  the  obtuse  angle),  —2-4,  and  also  a  plus  orthodoino, 
+2-i  (these  two  planes  are  quite  distinct  though  numerically  the  symbols  arc 
the  same) ;  moreover,  of  hemi-octahedrons  or  the  unit  series,  there  are  —4, 
— f,  and  +4,  -t-2,  +4,+l,+f,  +f ;  aiso  of  orthodiagonal  pyramids,  —4-2, 
—6-3,  also  +2-2,  and  of  clinodiagonal  planes,  — 8-i,  and  -J-12-*.  A 
caref  nl  study  of  a  few  such  figures,  especially  with  the  help  of  models,  will 
give  the  student  a  clear  idea  of  the  symmetry  of  this  system.  It  will  be 
noticed  that  all  the  pianos  above  in  front  are  repeated  below  behind,  and 
those  below  in  front  appear  again  above  behind.  More  important  than 
this,  it  will  be  seen  that  me  clinodiagonal  diametral  plane  divides  the  crys- 
tal intrftwo  symmetrical  halves,  right  and  left;  in  other  words,  as  remarked 
later,  it  is  a  plane  of  symmetry. 

Memih^dral  forms  occnrof  a  hemimorphia  character,  in  which  the  planes 
about  the  opposite  extremities  of  the  vertical  axis  arc  unlike  ;  thus,  the 
planes  of  one  or  more  hemi-pyramida  may  occur  at  one  extremity,  witJiout 
those  corresponding  at  the  otiier,  as  in  tartaric  acid,  ammonium  tartrate,  etc. 
With  many  monoclinic  crystals  the  obliquity  is  obvious  at  sight ;  but  with 
many  others  it  is  slight,  and  can  be  determmed  only  by  exact  measuremetita. 
4  r„„,-...;.^K.w;^i^ 


so 
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In  d«b»lite  it  is  only  six  minutee.  The  character  of  tha  symmetir  exhihitft 
f  nither  the  obliqnitj.  But,  as  eoen  above,  both  +  and  —  planes  or  the  same 
Talne  do  occur  together,  and  though  they  are  really  distinct  yet  they  may 
give  a  monoclinic  crystal  the  aspect  of  an  ortkorhomhia  crystal.  On  tha 
other  hand,  true  orthorhombiu  crj-stala  may  be  hemihedral,  and  thua  may  be 
monodinic  in  tlie  character  of  the  symmetry  (p.  45). 

Yariabis  et&ments. — In  the  inonoclinic  system,  the  only  element  which  is 
fixed  is  the  pottitton  of  the  orthodiagonal  axis  (b)  at  right  angles  to  the  plane 
in  which  the  otlier  axes  must  lie.  The  lengths  of  these  axes  mtist  obviously 
be  asenmed  in  the  same  war  as  in  the  pieceding  system ;  but,  further  than 
this,  their  position  in  the  givca  plane,  and  the  angle  they  make  with  each 
otlier,  are  both  arbitrary ;  in  other  words,  any  plane  in  the  zone  at  right 
angles  to  the  clinopinacoid  may  be  taken  as  the  baae  {0)  and  any  other 
as  the  orthopinacoid  {»-*).  Tiie  existence  of  a  priematiu  cleavage,  or  one 
parallel  to  a  plane  in  the  orthodiagonal  zone  often  p(»nta  to  the  planes  which 
are  I'eally  to  be  considered  fundamental.  In  many  cases  it  is  considered 
desirable  to  assume  an  angle  near  90°  aa  the  angle  of  obliquity,  so  as  to  show 
the  degree  of  divergence  from  the  rectangular  type.  It  need  hardly  be 
added  that  authorities  differ  widely  both  as  to  the  position  and  lengthe 
given  to  the  axes  of  the  same  species. 

Plana  of  gymmett-y. — Monoclinic  crystals  have  but  one  plane  of  sym- 
metry, the  diametral  plane  in  which  tae  vertical  and  clinodiagonal  axes 
lie,  that  is,  the  plane  parallel  to  the  clinopinacoids.  Tlie  maximum  num- 
ber of  similar  planes  for  any  form  ia  four,  and  it  will  be  noticed  tliat 
there  is  no  single  fonn  which  alone  can  eocloae  a  space,  or  ftmn  a  geome 
^ical  solid. 


VI.— TKICLINIC  SYSTEM. 

In  the  TiacLnnc  STBTKM  the  three  axes  aremiequal.and  their  intersectioiifl 
are  miitaally  oblique.  In  consequence  of  this  fact,  there  is  no  plane  of 
symmetry.  Only  diagonally  opposite  octants  are  similar ;  there  can  conse- 
quently be  only  two  planes  of  any  one  kind.  There  ^re  no  truncations  or 
Iwvclments,  and  no  iutei-facial  angles  of  90°,  136°.  or  120°.  The  prisms 
are  all  KemiprUmg,  and  the  octahedrons  tetarto-ootahedrorw. 

The  lateral  axes  are  called  the  moGrodiagonal  (Z),  and  the  brachydiago- 
nal  (J).    In  f,  225  the  diametral  prism  (made  up  of  three  pairs  of  different 


planes)  is  represented,  and  in  f.  224  the  unit  prism.  To  the  latter  is  added 
(in  f.  226)  one  plane  —1  on  two  diagonally  opposite  edges,  wbidi  are  two 
out  of  the  eight  of  the  unit  octahedron  (f.  227).    This  octahedrw,  aa  will 
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be  Been,  is  made  up  of  four  eete  of  different  planes.  The  different  ktndi 
of  planes  are  distinguished  hy  the  lone  or  ehort  mark  over  the  n  (A  or  ft) 
and  also  bj  giving  those  whiun  occur  m  the  right-hand  octants,  in  fron^ 
an  accent ;  tliuee  above  (in  the  obtuse  octants)  are  minus,  and  t)ie  otben 
pluB.  The  form  j»-ft  (ionsequently  may  be  — m-ft',  or  — m-ft,  -t-m-ft',  oi 
+  ni-A;  and  similarly  with  m-ri.  Inf. 228  the  unit  prism  is  combined  with 
a  hemidoine  and  a  vertical  plane  parallel  to  the  braohydiagonal  section. 

The  forms,  although  obfiqne  m  every  direction,  may  still  be  closely 
similar  to  raoDOolinic  forms  or  related  species. 


The  annexed  fignres  are  of  triclinic  species.  In  f.  229,  of  anorthite,  of 
the  feldspar  group,  the  form  is  very  similar  to  those  of  the  monoclinio 
feldspar,  orthoclase ;  in  orthoclase,  O  on  the  brat^ydiagonal  (clinodiagonal) 
set^iun  is  90°,  whence  it  is  monoclinio,  while  in  anorthite  this  angle  is  85 
BO',  or  4°  10'  from  90°,  and  this  ia  the  principal  source  of  the  diversity  of 
angle  and  form. 

Fig.  230  represents  one  of  the  crystalline  forms  of  axinite,  nearly  all  of 
whim  fail  of  any  spevial  monoclinic  habit 
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IiUrodtu^ory  remarks  on  th«  proper  aytnhol  of  eachplatie  of  agentenA 
erystallin^  form. — Hitherto  the  symbol  m<3:nh:a  has  oeen  employed  to 
express  the  general  position  of  all  the  planes  comprising  any  crystalline 
form,  and  it  has  been  shown  that  there  are  in  some  cases  forty-eight  similar 
planes  answering  to  the  general  symbol,  and  in  other  cases  only  two.  In 
order,  however,  to  express  the  exact  position  of  each  individual  plane  be> 
longing  to  sucn  a  form,  it  becomes  necessair  to  resort  to  the  metJiods  ot 
analytical  geometry.  As  shown  in  f.  281,  uie  portions  of  the  axes,  when 
the  centre  is  the  starting  point,  which  lie  aiove,  to  the  ri^ht,  and  in  front 
of  the  centre,  are  c&Wea  phu  (+);  the  corresponding  portions  of  the  axes 
measured  from  the  centre  i^ow,  to  ^e  Is/i,  and  behtind,  are  called,  for  (he 
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Bake  of  distinction,  minus  (— ).  The  planes  of  the  first  qaadreit  (seo  also 
f.  232)  Are  all  positive  {+);  the  planes  of  the  second  poBitive  (+)  with 
reference  to  the  axes  e  and  a,  bat  ne^tive  (— )  vith  reference  to  £ ;  ui  the 


third,  both  lateral  axes  are  negative  (— ) ;  in  the  fonrth  quadrant  the  planei 
are  positive  in  regard  to  e  and  J,  bat  negative  with  respect  to  a.  The 
lower  quadrants  are  respectively  similar,  except  that  the  vertical  axis  is 
^ways  negative.  The  symbols  for  each  plane  of  the  ortliorhombie 
octahedron  (f.  231),  taken  in  the  same  order,  will  be  as  follows  . 


Above,  +c  :  +J  :  +«;  +0:  ■ 
Below,  —c:+h;+a;  — c  ;  - 


■b:  +a;  +c:  - 
■b:  +0;  — c:  - 


:+h:- 
:+b:- 


The  hexoctahedron  (ma  :na:  a)  may  be  taken  as  another  example.  The 
general  symbol  of  the  form  of  f.  247,  p.  64,  is  3-J  (3a  :  Ja  :  a),  bnt  the 
Bymbol  of  each  plane  is  distinct  The  same  principle  applies  here  as  in  the 
other  case.  Several  of  the  planes  in  f.  247  are  numbered  to  allow  of 
convenient  reference  to  them  as  examples,  the  appropriate  symbols  are 
written  below;  the  order  in  the  symbols  is  the  same  as  that  nniformly  used 
in  the  work :  1st,  the  vertical  axis  [c) ;  2d,  the  lateral  axis  extending  right 
»nd  left  (i) ;  and  3d,  the  lateral  axis,  in  front  and  behind  (a). 


c 

S 

a 

g 

b 

a 

1  =  3a 

l» 

a 

6  =      So 

a 

f" 

2  =  f. 

Sa 

a 

7= -3a 

f« 

a 

8=    « 

&1 

f" 

S  =  -3a 

ja 

4=    « 

fa 

3» 

10=  -3a 

-3» 

a 

5  =  |o 

So 

-Jo 

a,  and  ho  oil 

It  will  be  evident  from  these  examples  that  to  express  the  position  of 
an  individnal  plane  the  nonibers  expressing  its  relations  to  the  three  axes 
mast  all  bo  regarded,  each  with  its  appropriate  sign ;  in  other  words,  the 
values  of  m,  n,  r,  in  the  general  form,  mc  :nb:ra,  must  all  be  given,  one 
of  them  being  nnity:  fn  always  refers  to  the  vertical  axis,  0;  n  to  the 
lateral  axis,  d ;  r  to  the  lateral  axis,  a ;  as  has  already  been  i-emarked,  a 
is  osnallr  made  the  nnit  axis.  In  the  example  last  given  the  axes,  being 
ftU  eqnal,  are  all  called  a. 
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Befomnm  miut  be  mode  here  to  the  method  of  lettering  tlia  him  adopted  In  this  woA, 
The  iiBMgB  of  the  nuqarit;  of  Kathors  U  foUoned,  and  tike  mbjeot  ii  iliDstrated  ia  the  fol- 
lowing Ublo. 

lUDMrin.       IfUnc.  (Hua«0         OrthorhDmlila.  TdoUnlix 


Oommon  usage,  t 

Thit  walk       \        a  i        a         c  v  a  cu  ». 

(Weiai,  Bosa.)  1^ 
liaier'i  School,  0  do  6  «  £  a 

Hoba,  Kannumn,         a  a  a  b  <>  \a         a  h 

Dun  (Syitem  1868)     a  a  aodj'^'^ 

It  ia  oertainlj  lerj  dsiinble  to  indioate  to  which  axi>  eooh  letter  rsfen  bj  the  louk 
plBoed  above  It i  Indoingwtuoh,  we  follow  Kleln'a  ftnMeun;  in  ditfiTrs'ffaiUo-MAnuntr. 
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The  sabject  of  zones  has  been  briefly  explained  on  page  4,  and  variona 
examples  have  been  pointed  out.  The  principle  ia  one  of  the  highest  im- 
portanue,  both  practioallj,  since  it  gives  the  means  of  determining  the 
eymboU  of  many  planes  without  calculation,  and  also  theoretically.  The 
law  of  Bonea,  which  states  simply  that  the  pianee  of  a  crystal  lie  in  zones, 
ia  one  of^the  must  important  or  the  science,  and  second  ouly  to  that  of  the 
rationality  of  the  indices.  The  planes  of  a  crystal  thus  may  be  said  to  be 
connected  together  by  these  zones,  a  single  plane  often  lying  in  a  large 
Qtimber  of  zones. 

Parallelism  in  the  combinatioD  edges,  or  mutual  intersections  of  planes, 
IB  based  upon  some  common  geometrical  ratio,  and  this  common  ratio  b« 
loDga  to  the  symbols  of  all  the  planes  of  the  zone. 

All  planea  wUoh  lie  in  the  sajne  zone  wi]I  give  exantl? 
panlld  reBeotloni  with  the  refleotiTe  goniometer,  as  sxplained 
on  p.  87.  Thia  is  the  on!;  decisive  test,  and  when  poasible 
•honld  be  made  dm  of,  since  oombination- edges  often  appear 
parallel  when  the  pianee  lorming  them  aie  not  reall;  in  the 
nme  Eone.  Furthermore,  inesmnch  as  parallel  interaectiona 
are  obearred  between  planea  of  a  lone  onlj  when  they  actnallf 
luteraeet,  the  goniometer  may  often  serrs  to  detect  the  ex- 
iatanoe  of  sones  not  otbenriae  manifest. 

In  f.  194,  p.  43,  the  planea  iA,  i-t,  I,  <-fi,  i-t,  all 
lie  in  a  veitical  zone,  and  they  are  all  obviously 
alike  in  this,  that  they  are  parallel  to  the  vertical 
axia ;  in  other  word?,  the  common  value  c  =  qo  be- 
longs to  them  all.  A^in,  In  the  zone  0,  1-i,  2-i, 
i-i,  etc.  (f.  197,  p.  43),  the  planes  are  alike  in  that 
they  are  all  parallel  to  the  brachydiagonal  axis ;  in  other  words,  ^  =  oo  is 
troe  of  all  of  them.  Still  again,  the  pyramidal  planea  i,  1,  2  (f.  150,  p.  33), 
ire  also  in  a  zone  between  0  and  /,  and  here  the  ratio  1  :  I  for  the  lateral 
axes  applies  to  all ;  also,  1-2,  2-2,  4-2,  are  in  a  zone  from  O  to  2-2,  and  for 
them  the  lateral  axes  have  the  ratio  1:2.  In  the  case  of  an  oblique  zone, 
iw  i-\,  Z-i,  2-t,  1,  etc.  (f.  233),  this  fact  ia  leas  evident  on  inspection,  but  ia 
equally  true,  ae  will  be  seen  later.    The  common  ratio  in  this  case  is  m  =  a 

Since  all  the  planes  of  a  zone  have  a  ooniEroti  ratio,  which  has  been 
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BhowD  to  be  trae  in  several  examples  but  also  sdmite  of  rigid  proif^ 
it  is  evident  that  a  plane  which  lies  in  two  zones  has  its  position  deter- 
mined by  tliat  fact,  since  it  must  answer  to  two  known  conditions.  In 
other  words,  the  algebraic  equation  of  a  zone  is  known  when  the  paraino- 
tera  of  two  of  its  planes  are  given,  for  they  are  suSicient  to  determine  the 
common  ratio,  and  by  combining  them  tlie  zone  equation  is  obtained ;  and 
further,  when  the  equatioua  of  two  zones  are  given,  combining  them  will 
give  the  equation,  that  is,  the  parameters,  of  the  plane  common  to  both. 

The  general  equation,  derived  from  Analytical  Geometry,  for  any  plane 
moitiiira,  making  j«rsllel  intersections  with  the  planes  m'c  :  n'Sx  r'a 
and  m"e  :  n"i  :  r"a  is, 

^       ^      Ji      .    .      ,  .  , 
—  +  —  -)-  —  =;  0;  in  which, 

M=  mW (»'r"— n'V) ;  N=  n'n"  (r'm"— r"7»');  R  =  r'r"  {m'n"—m"n'). 

By  snbfltitiitinff  the  valncs  of  the  parameters  of  two  given  pianos  for  m', 
n',  r',  and  m",  n  ',  t"  in  the  zone  equation,  a  derived  equation  is  obtained 
which  expreesos  tlie  relations  between  m,n,roi  all  the  planes  of  tlie  aon& 
The  form  of  the  general  zone  equation  is  so  symmetrical  that  the  r«lculft 
tions  are  in  any  case  quickly  and  easily  made  by  a  method  analogous  tc 
that  used  in  Miller's  system  .(as  suggested  by  Prof.  J.  P.  Cooke).  If  we 
write  the  parameters  iu  parallel  lines,  repeating  the  fii-st  two  terms,  we 
have 

m'   ,  n'     \/  »•'     X/  m'     w  »' 
m"  ,  n"  /\  r"  /\  m"  /\  n" 

•  and  it  will  be  seen  that  the  coefficients  K,N,R  are  found  by  mnltiplying 
t(^ther  the  parameters  in  the  manner  which  the  scheme  indicates. 

M=  m'm"  (n'r"— r'n").  J!f—  n'n"  {r'm" —m'r").  R  =  rV  {m'n"~n'm"). 

Take,  for  example,  the  zone  of  planes  between  i-i  and  1  (f.  233).  For 
iri,  m'  =  »',  »'  =  1,  j^  ^  i  J  for  1,  m"  ^  1,  »"  =  1,  r"  =  1  ( t  =  <» ) ;  hence 
the  scheme  becomes 

1 , 1  /\  1  A  1  A  1 

and  for  the  several  valaes  of  the  coefficients 

J/"=t(l-t)=  -t».    i^  =  1  (i-i)  =  0.    i2  =  t(*-l)  =  t». 

This  reduces  the  zone  equation  Ioot  =  »■  (after  dividing  by  »*=  co*),  and 
to  this  all  the  planes  of  me  zone  conform.  So  also  for  the  zone  of  l-I,  /, 
3-f,  1-i,  etc.,  in  f.  Ii34.  The  parameters  of  tlie  plane  /  and  14  arranged  as 
above  give 


and  the  valnesof  Jf,  iT,  5ape— ?,  — i*  and  +i*  respectively.    Hence  thB 
■one  equation  becomes 

-  ^  -  «  +  F  =«i 
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andif  r=  Ijtlie jfcneral  foimulan=  — ^  iaderived.  Between  t ;  1 : 1  (/) 

fend  1  : «  :  1  (l-i)  the  values  of  n  are  positive,  ae  with  the  eeriee  of  planet 
i:l-i:l-i;  6o:|A:a;  5:f:l;4:|:l;  3:f:l; 
2  ;  2  ;  1 ;  | :  3  : 1,  etc.,  1 ;  i ;  1.  Between  1 :  i :  1 
and  i  the  values  of  n  are  negative,  that  is,  are 
measured  oit  tUo  hack  half  of  tue  axis  b ;  ae,  for 
example,  J:-4:l;f:-3:l;|:-2:l;i: 
— ]  :  1.  As  the  zone  uontiniies  on  from  i  :  —1 ;  1 
to  1 :  - 1  :  ±i  (l-I),  and  t ;  — 1 :  — 1  (/),  the  unit 
axis  is  changed,  making  n  =  —1.  The  zone  equa- 
tion then  becomes  r= — ^,  the  valaeaof  r  being 
positive  between  J  ;  —1  ;  1  and  1 ;  —1 :  ±  *',  and 
negative  between  1  :  —1 :  ±  i  and  t :  ~]  :  —1. 
The  siiecesaive  planes  are  | :  — 1  : 2 ;  }  :  — 1 :  3  ; 
4:  -1:4;  l:-l:±t;  J:-!: -4;  J:-!: 
Both  figures  233  atid  234  are  illugtratious  of  this  zt 

If  the  student  will  select  e.  Ttriety  of  ei^mplen  of  zones  ftom  the  figurei  In  tbe  deeoripUTi 
part  dF  this  work,  and  will  npplj  tbe  loae  eqoatioa  as  given  above  to  them,  pay iog  ipeciEil 
attentdoiL  to  the  »igju  of  the  purameten  of  eaoh  plana,  he  will  loon  Qnd  that  Uie  apparent 
difflonltiee  of  the  mbject  disappear. 

F  KEUfa  OF  HBTHODS  OF 
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The  relations  of  the  different  planes  of  a  crystal  are  to  some  extent  exhi-  • 
bited  graphically  in  Euch  tigures  &b  have  been  already  given.     Other  met^i- 
oda,  however,   are  used  which  have  special  advantages.     The  two  moat 
important  aie  briefly  mentioned  hero. 

1.  Qtienatedt^s  method  of  projection. — In  thia  method  the  planes  of  a 
crystal  ai-e  projected  upon  a  norizoutul  plane,  usually 
that  of  the  base  {O).    Every  plane  ia  regarded  aa  pass-  285 

ing  through  the  unit-length  of  the  axis  which  is  taken 
as  the  vertical ;  tliese  planes  conseqnently  appear  an 
straight  lines  intersecting  each  other  on  the  plane  of 
projection. 

The  followingare  examples.  In  f.  235,  of  galenite, 
there  are  pregent  the  planes  of  the  cube,  octahedi-ou, 
dodecaliedroii,  and  tetragonal  trisoctahedron  J-J,  In 
the  projection  (f,  236)  the  ylane  of  the  paper  ia  taken 
as  that  of  the  cubic  plane,  tne  two  equal  lateral  axes  (a) 
are  shown  in  the  dotted  lines,  and  the  vertical  axis  is  perpendicular  to  the 
plane  of  the  paper  at  their  point  of  intersection.  Any  arbitrary  length  of 
the  lateral  axes,  as  oa,  is  taken  as  the  unit.  One  of  the  cubic  planes  coin- 
cides with  the  ]>lane  of  the  paper,  and  the  others,  since  they  are  supposed 
to  pass  throngh  the  unit  point  of  the  vertical  axis,  coincide  with  the  pnijec- 
tions  of  tbe  lateral  axes,  and  ai-e  marked  H,  H. 

The  octahedral  planes  (I)  appear  as  lines  connecting  the  unit  lengths  of 
the  equal  lateral  axes ;  of  the  dodecabedral  planes,  four  pass  each  toi-ougb 
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the  extreinit;  of  one  lateral  axis,  and  parallel  to  the  other,  and  four  otlien 
are  diagonal  Hues  paesing  thiongh  the  centre ;  they  are  marked  •  in  the 
figure.  The  other  planes,  J-J,  when  passing  through  the  unit  point  of  th« 
vertiiiftl  axis,  are  represented  by  the  synibolB  1  :  f  :  1,  and  1  ;  1 :  J,  and 
I :  I :  I,  ID  the  fii-st  quadrant,  and  similarly  in  the  other  three. 


:^ 

"^ 

Sf/ 
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^ 
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pi 
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The  pi-ojection  of  the  first  of  theae  planes  18  the  line  joining  the  points  a 
(ct>  ^  I  of  az')and  a* ;  that  of  the  second  plane  is  the  line  joining  the  points 
a'  and  y  (cy  =  |  of  ca') ;  that  of  the  third  plane  is  the  line  joining  the  points 
«"  and  z*  (cz'  =.  cs  -  I  of  co).  The  same  method  is  followed  in  the  otlier 
quadrants,  the  twelve  lines,  lightly  drawn,  in  the  figure  ai-e  the  projections 
237  of  the  twelve  corresponding  planes  of  the  forn)  |-j^. 

Fig.  237,  238,  give  anotlier  example  (topaz)  from 
the  orthorhonihic  system.  The  dotted  lines,  as  before 
(f,  238),  show  the  laterul  axes  on  which  the  relative 
unit  lengths  of  5  and  &  belonging  to  tliis  species  have 
been  marked  off  Q)  =  1.892,  d  =  1).  Tlie  four  lines 
passing  through  these  unit  points,  a  and  b,  are  the  pro- 
leetions  of  the  nnit  octahedron  1.  The  unit  prism,  /, 
IB  projected  in  lines  pamllel  to  these,  and  passing 
through  the  centre.  The  prism  i-i  also  passes  tni-ongh 
the  centre,  hut  tlie  direction  is  that  of  a  line  joining 
I  the  unit  length  of  the  axis  h  with  two  times  that  of  d. 
The  symbol  of  the  octahedron  f(=  jc  :  &:  a),  becomes, 
on  supposing  the  plaue  to  pass  through  the  unit  point 
of  the  vertical  axis  a  :  -fJ :  ^,  and  it  is  consequently  projected  in  the  iinei 
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|oining  the  points  t(oi  =  i  of  cJ),  and  g{cs  —  iot  eay  The  symbol  of  the 
plane}  !  (=  jc  :  ft  :  2a)  becomes,  on  the  same  condition,  c-.^'.^a,  uud  its 
projection  linea  consequently  connect  the  ixiinta  t  {ot  :=i  oi  ob)  and  «  (eu 
=  J  of  ca).  The  same  method  is  followed  in  the  other  STstema ;  in  the 
hexagonal  there  are  on  the  plane  of  projection  three  equal  lateral  aset 
catting  each  other  at  angles  of  60°. 


X^^\^ 

(^/^^ 

c^-^^^^^ 

r^^^^ 

t^^^^^ 

5^^^^ 

"t^^ 

^^^' 

it  will  be  seen  from  these  examples  that  planes  in  a  zone  all  pan 
throngh  the  eame  point  of  intersection ;  as  in  f.  234,  0,  %-\,  1,  %  {a%  and, 
f.  237,  /,  t-S,  *-i  (c) ;  tiiis  is  also  true  luathematlcally  of  the  planes  f?,  1,  f , 
/,  whose  projections  are  parallel.  This  principle,  which  follows  immediately 
from  the  nict  stated  above  that  planes  in  a  zone  have  a  common  ratio  for  two 
of  the  axes,  is  very  important.  If  a  given  plane  lie  in  two  zones  its  projection 
mnst  necessarily  pass  through  the  two  pomts  of  intersections  which  belong 
to  each  of  these  respectively,  and  consequently  its  position  is  determined. 
The  plane  on  f.  237  which  has  no  written  symbol  for  instance,  lying  in 
the  zone  with  4  and  },  and  the  zone  with  1  and  \-\,  must,  wlien  projected, 
pass  through  the  intersection  point  (f.  238)  a  of  the  former  zone,  and  also 
through  v  that  of  the  second  zone.  The  plane  itself,  then,  ii  one  which 
meets  the  vertical  axis  at  its  unit  length,  the  axis  h  obviously  at  an  infinite 
distance,  and  the  axis  a  at  a  distance  \  of  its  unit  length  ;  heuce,  the  sym- 
bol is  c  :  CD  ft  :  fa,  or  |(j :  qo  ft  ;  a  (J-i)  in  the  foj-m  it  is  nsually  written.  In 
many  cases  the  ratios  of  the  lateral  axee  are  obvious  at  sight,  as  here  ;  in 
evci-y  case,  however,  the  position  of  the  zonal  point,  and  of  the  two  points 
of  intersection  on  the  axes,  admits  of  exact  determination  by  a  series  of 
eimi}le  equations. 

These  equations  it  is  unnecessary  to  add  here;  reference  for  them  may 
be  made  to  Quenstedt's  Crystallography,  or  that  of  Klein,  mentioned  on 
p.  59.  This  method  is  of  ho  general  use  and  of  so  easy  application  that 
every  student  should  bo  familiar  with  it.  Its  advantages  are  that  it  leads 
to  a  clearer  comprehension  of  the  relations  of  the  different  forms,  showing 
iinuiediately  aU,  the  zones  in  which  they  lie,  and  in  many  casce — witboat  Uia 
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Qfle  of  equations — enlBcee  to  determioe  tb»  symbolB  of  aii  unknown  plana 
aiid  that  more  Bimply  than  b;  the  use  of  the  zonal  equation.  The  general 
prindplet*  contained  m  the  metliod  have  been  made  hj  its  propoaer  (Queii- 
Btedt)  the  basis  of  an  ingenious  and  philosophical  system  of  CrystaUogra/in; 
(Grundriss  der  bestimmeiiden  iiud  reuhneuden  Krjetallographie  voii  ll'r. 
Aug.  Quenstedt,  Tiibingeii,  1873). 

%  Spherical  projection  of  JVeumann  and  Miller. — In  this  subject,  ae 
viewed  by  Miller,  a  crystal  is  situated  witliin  a  sphere  so  that  the  centi'es  of 
the  two  coincide.  If  miw  perpendiculars,  or  normals,  be  drawn  fmm  this 
centre  to  each  pl?.ne,  and  be  produced,  they  wilt  meet  the  surface  of  the 
sphere,  and  these  normal  points  will  determine  the  position  of  each  plane. 
If,  then,  this  sphere  is  regarded  as  pi-ojected  upon  a  norizoiital  plane  it  will 
appear  as  a  circle,  and  the  various  normal  j>ointa  will  occupy  each  its  pro- 
per position  on  or  within  this  circle.  This  will  be  made  mm-e  clear  by  an 
example.  If  the  crystal  (f.  237)  be  Bupposed  to  occupy  the  centre  of  a 
sphere,  and  if  the  terminal  plane  coincide  with  the  plane  of  the  pajier,  a 
uornial  to  the  plane  0  will  meet  tlie  spliere  of  projection  at  the  central 
point  (f.  239) ;  the  planes  i-i  at  the  points  indicated,  and  so  of  the  other 
planes  1,  |,  i-i,  etc. 

Two  principles  here  are  of 
fundamental  importance:  1st,  all 
planes  of  a  zone  have  their  nor- 
mals in  the  same  great  circle,  as 
i-l,  },  j-i,  etc, ;  and  2d,  the  an- 
gles between  these  normal  jwinta 
are  the  supplements  of  the  an- 
gle* between  the  actual  planes. 
These  having  been  stated,  it  will 
be  clear  at  once  that  the  calcula- 
tion of  the  angles  between  dif- 
ferent planes,  I.e.,  their  nonnals, 
becomes  merely  a  matter  of  solv- 
ing a  seiies  of  spherical  triangles 
in  which  some  parts  are  given 
and  others  obtained  by  calcula- 
tion. Upon  tliis  basis  a  system 
of  crystallography  was  construct- 
«d  by  Miller  in  1889,  which,  as  further  developed  by  Grailich,  Schi-auf, 
von  Lan^  and  Maskelyno,  has  every  advantage  over  that  of  Naumann 
in  the  matter  of  facility  of  calculation  as  in  botug  other  even  more  import- 
ant reepects. 

The  method  of  oDnnmotioii  ol  tfas  olrole  of  piojeotloii,  foi  %  given  oi7(taI,  ia  in  most  cmm 
TW7  Himple.  The  position  of  the  crystal  is  oomuioDly  so  taken  that  the  prismatic  zone  is 
represented  bj  the  oiKniiDf  tireooe  of  ths  oirole.  and  Ibt!  positiOD  of  the  normal -poiata  of  all 
prismntio  planes  lis  npon  it  The  normol-pointa  of  the  pinacoid  planes  are  at  90'  from  one 
■noUun  (tbe  macropinaooid  is  not  present  on  the  cryBtal,  t.  237).  The  two  coTrespondinf 
dlMuetera,  at  right  angles  to  each  other,  which  ore  properlj  the  projections  of  tivo  great  oii- 
dea.  Intersect  at  the  oentre  the  normal-point  of  the  bsisa]  plane,  O ;  these  diameters  lepre- 
aent  reapeotiTely  the  maorodome  (m-i)  and  braohydome  (in-I)  sones  of  planea  Tbe  Mveral 
poaitlonB  of  the  noimal-pointa  of  the  prismatic  planes  are  determined  bj  laying  off  the  rap- 
^. .  __.,___.  ___,.^.,. ^_..__    ■,._■  _.  _.  .  ,_  .„.  „^,   ..,..   T  -r  &i',  btan  Uw 


pUment  angles  of  each  with  §,  protoaotor  •  that  of  i-i  is  43°  25',  and  of  /,  6 
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BOnttt-lMiBt  of  M.  The linudnmi  between  f-S,  0,  uid  ^3  (behind),  and  f,  0, /(behind) 
rapiBtent  the  toaee  of  the  i»-2  luid  m  pyramids  nspectirely.  The  poBititm  of  the  DOnnal- 
poinw  of  a  dome  oi  pjrsmid  apon  its  reBpeotive  zonal  line  (great  circle)  is  formed  b;  layii^ 
oft  from  the  oenlm  a  distance  eqnaJ  to  the  tangent  of  half  the  supplement  angle  of  the  given 
plane  on  O,  taking  the  nidiiu  as  nnity.  For  example,  Oa  j-i  =  ISO"  37',  hence  thepoaitioii 
otthe  required  normal-point  will  be  aboat  i  (.5046)  oJ!  the  radios  measnred  from  0. 

It  ia  in  general  necessar;  to  determine  in  this  wa;  the  normal -points  of  bnt  very  few  of 
the  planea,  since  those  of  the  others  are  given  bj  the  lonul  connection  between  the  planes. 
Thus  in  this  cuse,  having  deCennined  in  the  way  explained  the  pooitions  of  the  pointe  t-i,  i-S, 
I,  and  |-1,  no  further  uklculaticn  is  needed:  the  point  of  inteiaection  of  the  great  mrole 
joUuAg  t'-i,  j-{,  and  I'-t,  and  that  joining  /,  O,  1,  is  the  normal  point  of  }  ;  also  the  point  of 
mtenection  .of  the  great  oiicla  i-i,  ij-i,  t-j  with  I,  0,  1.  is  the  normal-point  of  1,  uid  with 
i-i,  0,  i-i  that  of  M. 

The  method  explained  is  the  same  for  all  the  orthometclo  systems;  for  the  olinometiia  ajm- 
terns  the  same  principle  la  made  use  of,  though  the  application  ia  not  quite  au  simple,  sillM 
the  basal  plane  does  not  fall  at  the  centre  of  the  circle. 

In  the  system  of  Miller  the  general  forin  of  the  ijmbol  is  AjU,  in  whioh  A,  k,  and  1  are 
always  whole  numbers,  and,  the  ledprocala  of  Nanmonn's  symbola.  To  translate  the  latter 
into  the  tonner  it  is  only  neoessaiy  to  take  the  reciprocals  and  ledoce  the  reealt  to  threa 
whole  numbers  and  write  (hem  in  the  proper  order.  In  general,  for  ffl-n  [me  :  itb  :  a), 
h  :  k  :  I  =  tnn  :  nt  :  n,  the  latter  ezpreasion  being  written  inlta  simplest  form,  and,  if  neceS' 
lary,  fraotional  forms  must  be  teduoed  to  whole  nuntbera  by  moltiplloatlon.     Conversely, 

from  MU  is  obtained  m  =  r<  '^  =  e.i  ""^  henoe,  -T  "  ^  —  '"'''■  ^''^  applies  to  all  the  sya- 
temB  axoept  the  hexagonal,  where  a  special  pioceas  is  teqnired.     See  Appendix  (p.  iAl). 

MsTHODB   07   CALOCLATIOlf. 

In  matlieinatical  crystallography  there  are  three  problenxa  requiring 
solution:  Ist.  The  detertniiiation  of  the  eleineutB  of  the  crystal  I  izatioa  of 
a  speuiea,  that  ia,  the  lengths  and  mutual  inoliuation  of  the  axes ;  2d,  The 
delermiuaCinn  of  the  mutual  interfauial  angles  of  tike  or  unlike  known 
planes ;  and  3d,  The  determination  of  the  symbols,  that  is,  values  of  tho 
parameters  m  and  n  for  uukuo^vn  planes. 

This  whole  subject  has  been  exhaustively  discnaSRd  by  ITaumann  in  his  sevsTal  works  <m 
atystallography.  (For  titles,  aee  p.  iv.)  The  long  series  of  formulas  dednced  by  him  covet 
•Imoat  every  oose  whioh  oan  arise.  In  the  present  plaoe  the  matter  is  treated  brielly,  sinoe 
for  bU  ordinary  problems  in  oryBtallography  tho  amount  of  mathematics  required  is  very 
small.  This  ia  enpecially  true  in  view  of  the  fact  that  a  large  port  of  onlcaoWD  planea  can 
be  detennined  by  the  xonal  equation  already  given.  When  complicated  problems  do  arise, 
the  me  hods  of  spherical  trigonometry  (baaed  on  the  spherical  projection  of  Miller)  offer,  in 
the  opinion  of  moat  cryatallographers,  the  simplest  and  shortest  mode  of  BOlntioii.  It  is  bs> 
lieved  that  the  student  who  has  mastered  the  elements  of  the  anbject.  after  the  method  ot 
Xaumonn  here  followed,  will,  it  he  desire  to  go  further,  Snd  it  to  his  advantage  to  turn  to  the 

rtem  of  Aliller,  referred  to  on  p.  68  (See  also  Appendix.)  The  formnlas  givLU  under 
different  systems  in  the  following  pages  are  mostly  those  of  Nanmann,  and  it  has  beeiL 
deemed  desirable  to  explain  at  length.  In  moxt  cases,  tho  methods  by  whioh  these  formulas 
are  dednoed.  If  the  student  will  tallow  these  explanations  through,  be  wiU  find  himself  in 
a  position  to  solve  more  difBcnlt  problems  invoUing  similar  methods.  Spherical  triangles 
■re  employed  in  moat  cases,  as  early  nsed  by  Haunmann  (1813),  by  Nanmann  (lt>2U),  and 
othen  i  aiul  carefully  explained  by  Von  Kobeii  in  18(iT  |Zur  Bereobnung  der  Kiystollformen). 
The  same  methods  have  been  elaborated  by  Klein  (Einleitung  in  die  Erystallberechnung, 
Stnttgut,  181a). 

THK  HATIO  or  THE  TAKOKHTa  IK  BBfTTAMaULAB  EOHES. 

Tangent  prmayne. — In  any  rectangular  zone  of  planes,  that  is,  a  zoiiu 
lying  between  two  planes  at  right  angles  to  esuh  other,  one  of  theiH  beins 
ft  diamelrol  plane,  the  tangents  of  the  supplement  angles  made  with  thu 
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diametral  plane  are  proportional  to  the  lengtliB  of  the  axis  eorreepouding 

to  it. 

Examples  of  rectangular  zones  are  afforded  hj  the  zones  between  i-i  and 
i-i,  also  I  and  0,  f.  130,  and  /  and  0,  in.f,  S!08 ;  still  again  between  /and 
O,  in  f.  167;  /  and  0,  also  i-2  and  O,  in  f.  150.  In  f.  21T,  the  zone  be- 
tween i-i  and  i-i,  and  0  and  i-i,  as  alao  the  zones  between  i-i  and  anv  one  of 
the  orthodoines,  are  rectangular  zones,  but  not  the  zones  between  uie  basal 
and  vertical  planes  (except  i-i),  nor  thoee  between  i-i  and  a  ciinodume. 
The  truth  of  the  above  law  is  evident  from  the  accouipanying  ligures. 
If  the  angles  between  the  planes  e*,  r,  e*(f.  240)  and 
SM  the  basal  plane  0  are  given,  their  supplements  are  tlie 

angles  with  the  basal  diametral  section  a',  a',  a',  respec- 
tively (f.  241).  The  tangents  of  these  angles  are  the 
respective  lengths  of  the  vertical  axis,  corresponding 
to  each  plane,  as  seen  in  the  successive  triangles.  In 
each  case  we  have  h  tan  a=-o,  and  heuee,  tan  a^ :  tan 
ffl* :  tan  o*  =  c* :  <?  :  (^. 

By  the  law  stated  on  p.  10,  the  ratio  of  the  axes  must 
have  some  simple  numerical  value.  In  other  words,  if 
(^  be  taken  as  the  unit,  i?  and  i?  must  bear  some  simple 
ratio  to  it  (denoted  generally  by  m).  In  general,  if  a\ 
o^,  a'  are  the  supplement  angles  of  three  planes  of  a 
vertical  zone  upon  a  basal  plane,  then, 


/^ 

5A> 

Lii  I?' 

M 

\\ 

;  tan  c^  = 


n}o :  m*e :  «j.*c  =  m* :  m.'  :  m*. 


This  is  true  as  well  for  the  pyramidal  planes  p',  ^,  j?*, 
and  the  domes  d*,  (P,  d?  (f.  240).  This  principle  is 
most  commonly  applied  to  a  vertical  zone,  where  the 
angles  on  the  basal  plane  are  known,  and  the  value  of 
m  lor  each  is  required  ;  it  applies,  however,  in  the  same 
way,  to  any  rectangular  zone. 

For  a  prismatic  zone,  if  the  supplement  angles  on  i-i 
are  given  =  >/,  y,  etc.,  then, 

tan  y  :  tan  7* :  tan  7*  =  ft" :  J* :  J*  =  n' :  n' :  n'. 

noMielatioDB  marpethape  be  made  mora  clear  by  a  little  faithei 

explsuAtlnn.     Snppoae  a  plane  to  pass  throngh  the  veitical  axia  at 

light  anglen  to  the  given  zone  0.  e\  »\  s",  and  iuterseoting'  it  in  the 

dotted  line  (aee  also  t.  241).     A  aimilar  Motioa  may  be  made  with  the 

planes  (f,  d',  if,  or  with  ^',  p*,  p*.     From  the  aeotion  (f.  241),  the 

'^K    reliktion  at  the  vertical  axes  to  the  tangents  of  the  boaol  angles  ia  at 

I       OQoe  obviona.     It  will  be  seen  here  that  a>,  a*,  eto. ,  are  not  only  the 

supplements  of  the   interfamal  anglea  measared  on  0,  bat  are  also 

equal  to  the  angles  meainrad  on  i-l  diminiahed  by  W,  and  this  is  true  In  general.     It  will 

be  also  Been  Uiat  the  angles  o',  n',  eto.,  may  ba  obtained  from  the  angles  of  the  planea 

meaanced  on  each  other.     Thus,  given  c'a^  =  160* — «',  and  given  «' A**,  obvioaalf  a'  (^ap- 

It  of  ^A  0)  =  a'  +  (180»  -  «' A**). 
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The  use  of  a  spherical  triangle  often  simplifies  very  much  the  operaticm 
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of  cttlcnlaUnv  the  vartoua  angles  and  axial  ratioe.     The  following  example 
will  exeraplify  the  principle  involved.     Fig.  212  represents  a  square  octa- 
hedron of  zircov..    Ii  we  take  the  front 
Bolid  angle  of  the  octahedi'on  as  a  cen- 
tre, and  from  it  imagine  three  arcs  to 
be  described  \yith  any  radius — one  on 
the  octahedral  plane  BA,  another  on 
the  basal  section  CA,  and  a  third  on 
the  diametral   section  OS,   it   is   evi- 
dent that  a  spherical  triangle  will  bo 
formed.     In  other  words,  the  point  a 
is  imagined   to   be   the   centre   of   a 
sphere  and  the  triangle  AHO  is  that 
portion  of  its  surface  included  between  the  three  plai 
In  this  triangle  (f.  243)  the  snccessive  parts  a 

C  =  the  angle  between  the  basal  and  vertical  diametral  sections ; 
here  90°. 

a  =  the  inclination  of  the  vertical  edge  on  the  lateral  axis. 
5=  the  semi-vertical  angle  of  the  octahedron  {=  iX). 

A  (the  hypotheniise)  s  the  plane  angle  of  the  octahedral  face. 
A  —  the  semi-baaal  angle  (=  ^Z). 

b  =  the  inclination  of  the  baaal  edge  on  the  lateral  axis. 

In  the  case  given,  b  =  45°,  since  in  this,  the  tetragonal  system,  the 
lateral  axes  are  equal  and  the  basal  edge  makes  an  angle  of  45°  with  each. 
Now  if  either  Aor  B  (that  i&,Sor  Z)  is  given  by  measurement,  two  parts 
in  the  triangle  will  be  known  and  the  others  can  be  lu.i  lily  calculated  as 
they  may  be  required.  Other  examples  will  be  found  in  tlie  pages  which 
follow. 


In  tha  msjoiit7  ot  oases  the  splierioal  trianglsB  obtained  in  the  man 
right-angled,  and  the  problenu  Taaolve  themnslTes  into  the  solution  of  right-angled  spherical 
triangles.  In  performing  these  operations  pnoticaUr,  the  studeot  laaj  be  Bsaiated  b^  tbe 
following  graphic  method  (ased  by  Piof.  Cooke,  of  Harvard  UniTersit;).  It  is  based  npon 
Napier's  rules,  nhioh  are  familiar  to  every  stadent : 

In  a  right-angled  spherioal  triangle  the  sine  of  an;  part  is  equal  to  the  prodnct  of  Ifas 
oosinea  of  the  opposite  parts,  or  the  prodact  of  the  toi^ntl  ot  the  adjacent  parts.  Here  it 
Is  to  be  remembered  that  for  the  two  angles  and  hTpothennse  the  complements  are  to  be 

The  problems  ore  represented  graphioallj  as  foUotra :  In  the  oase  given,  mppose  that  the 
baaol  angle  (Z)  on  the  given  octahedron  has  been  measured  and  found  to  be  81°  10'  46',  that 
is^  the  angle  A  =  iZ=:i2''0'  68',  and  hence  00°  —A  =  47°  60'  7*.  Then  the  paria  of  Um 
teiangle  ma7  be  written,  oommenoing  with  0, 


90°  ((7) 


(90= -A). 


IfBiiiequInd,  wehava(fbiilioon)eln  (90°  -  B]  =  ooa  46"  x  oo*  47°  SOT  { 
whenoa  B=  61*"  80' 47', 

■od  the  TsrtbMl  angle  (X)  la  138°  19'  84'. 

Ate,  rin  46°  =  ton  »  X  tan  47"  W  7', 

tan  a  =  0.II408TS  =  it,  tha  vanioBl  ulb 


by  Google 
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For  oonTeoienae,  Mme  of  the  mon  Important  formnlas  tor  tiio  aolatiau  at  ^AmiImI 
trimn^Bs  >re  her*  added. 
In  ipherio*!  rifht  trUnglei  C  =  90*. 

ainU  liiiA 

tauA  taoA 

TmiJ  =  ^  ttnB  =  ^ 

■in  0  (in  a 

8iii.i  =  ^-j  ■*'>-*  =  ^^ 

In  obliqne-uiglad  ipheriool  trlan^e*  t 

(1)  Sin  A  ;  rin  B  ^  tina  :  ^  i-j 
(S)  Co*  a  =-  OOB  b  oos  e  +  ain  i  an  0  oos  Ai 
(.3)  Oot  6  liii  e  -  CO*  a  cm  A  +  Edn  J  oot  A; 
(4j  CotA=-<MMBcotC+tinBBmOoaaa. 

In  oalonjaticm  It  li  often  mora  oanTsnient  to  dm,  intlead  of  the  Utter  fontmUa,  Umm 
inpeoiftlly  unnged  for  logarithnu,  irhioh  will  bs  found  in  any  of  the  maaj  books  aevoM 
b)  mathMnsMoal  fomolu. 

Cosine  formula, — General  eqnation  for  the  inclination  of  two  planee  in 
the  orthometric  svBtema. 

Bepresenting  tae  parameters  of  any  plane  hy  c:b:  a,  and  also  of  aii^ 
other  plane  by  &  :6'  i  a',  and  placing  W  for  the  supplement  of  their 
inntnat  inclination, 

_     __  aa'hb' + oo'aa' +ib'cef 

in  nsinfi;  this  equation,  the  actual  values  of  the  parameters  are  to  be  snb- 
stitiited  for  the  letters.  For  the  planes  m-n,  m'-n',  in  the  same  octant,  in 
-  which  the  parameters  would  home  :  n&:  a,  and  tn'c '.  n'h  :  a, 

me,  ni,  a  are  Bubstitnted  severally  for  o,  b,  a. 
m'Of  n'b,  a  "  "  **</,}',  a'. 


I.  IsoicETBia  Ststeil 

The  equality  of  the  axes  in  the  Isometric  system  makes  ft  anneceseary  to 
consider  tliem  in  the  calcnlations.  The  most  commonly  occurring  prob- 
lems are  the  determination  of  the  symliola  in  the  vai'ions  forms,  t-n,  m, 
f»*Tn,  m-n  (f.  51,  S4,  65, 69^.  These  cases  will  be  considered  in  sacoeesioQ. 
In  all  bnt  the  last,  but  a  amgle  meaanrement  is  necessary. 

1.  Form  t-n,  tetrahexahedron. — The  edges  are  of  two  kinds  (p.  IS),  aa 
A  and  O  in  f.  244 :  a  meaenremeut  of  ei^r  is  anfficient  to  determine  the 
value  of  fl.     (a)  Given  the  angle  of  the  edgs  A.    Suppose  a  plane  tc 
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p«g8  throngh  th«  edge  A  snd  the  adjoining  axis,  ac,  also  a  second  [ilsoe 

Uirongh    the    two  lateral   axea,   and   imagine   a  Bpherical   triangle   eon* 

stracted,    as    explained   on   p.  61, 

This  triangle  (see  f.  244a)  is  right 

angled  at  C,  and  the  other  angles 

are  iA,  (half  the  measured  angle  of 

the  crystal)  and   45°,  respectively, 

Hence,  if  v  is  the  inclination  of  tlie 

plane  on  the  lateral  axis,  ae, 

(K«  V  ^  cos  iA  V2, 

and  taa  v  =  na  =  n. 
(A)  Suppose  the  angle  of  the  edge  O 
to  be  given.     In  the  plane  triangle 
(abc)  of  the  section  in  f.  244,  iO  + 
4»°  +  v  =  180%  or   K  =  135°-  iC, 

and,  as  before,  tan  »  =  n.  If  the  angle  of  two  opposite  planes,  meeting  at 
the  extremity  of  an  axis,  were  given,  naif  this  angle  wonld  be  the  angle  v. 
Fur  a  series  of  tetrahexahedrons  the  tangent  law  may  be  applied,  since 
they  fonn  a  zone  between  two  cubic  planes ;  the  dodecahedron  falls  in  this 
zone,  being  a  special  case  of  the  tetrahexahedron  where  «  =  1.  The  angle 
between  a  plane  i-n  and  the  adjoining  cnbic  face  {ff)  is  equal  to  v  +  90°, 
hence,  cot  ff  =  n. 

2.  Fonn  m,  trigonal  triaoctahedron. — The  edges  are  of  two  kinds,  A 
and  B.     (a)  If  the  angle  over  B  is  given,  BnppoBe  a  diagonal  plane  to 
pass  throngh  tlie  vertical  axis  and  the  edge  A, 
meeting  the  planes,  as  indicated  in  the  hgiire.  8*5 

A  right-angled  plane  triangle  is  formed,  of  which 
the  basal  angle  is  equal  to  ^B,  and  the  base  is 
the  diagonal  line  x.  Then  m  tan  ^B  =  the 
vertical  side  of  the  triangle(»i>i),but  a;  =  Vi  when 
a  —  1,  wlienoe  tan  iBV^  =  ma  or  m.  (S)  If 
the  given  angle  is  that  of  the  edge  A,  place 
a  spherical  triangle  {ma),  as  indicated  m  the 
Gzitre.  In  this  triangle  0=  90''(forthe(Jiagonal 
plane  is  perpendicular  to  the  plane  m),  and  the 
other  angles  are  respectively  iA  (\m\f  the  mea- 
sured angle)  and  60° ;  hence,  the  side  opposite 
iA  (=  tlie  angle  p)  is  obtained.  Further,  the 
angle  of  the  two  dotted  diagonals  (the  octahe- 
dral and  dodecahedral  axes)  is  35°  16'  (p.  16), 
whence,    iB  =  144*  44'  —  p,    and,    as    before, 

tan  i-ffVJ  =  m.  See  itarthcr  the  following  case.  The  general  equatJoiu 
are  thns : 

(o)  tan  iBVi  =  m. 

(A)  ooB  p  =  2  COB  iAV"i ;    ^B  =  144"  ii'~p. 

8,  Form  m-m,  tetragoTial  tn$oetah«dron.-^\y^^oK  (a)  that  the  angle  el 
tlie  edge  B  is  given.    In  the  spherical  triangle  1,  in  t.  246,  C  =  90  ,  and 

n  .J  ii/j'- ■;■-  V-  it.n.i>,;n^ 
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each  of  tlie  other  angles  equals  ^£.    Hence,  one  of    the    eqnal  ddea 
(^  angle  v)  is  obtained,   and   tan  v^m.     (fi)  If  the  an^le  0  is  given, 
J..  the  triangle  2,  in  f.  2i6,lB  employedj 

here  one  angle  is  =  90°,  a  eecond 
=  60°,  and  the  thii-d  -^G,  hall 
the  measured  angle  of  the  edge  O. 
Tlie  eide  of  the  triangle  =r.  tlie  angle 
p  is  calculated,  and,  ae  in  the  preced- 
ing case,  f  =  144°  44'— p,  then  »»+ 1 
=  tan  ^V% 

The  planes  m-m,  1,  m,  form  a 
zone  between  the  cobic  and  dodeca> 
hedral  planes  as  f.  461,  p.  244,  to 
which  the  tangent  law  may  be  often 
conveniently  applied.  The  form  m 
passes  into  the  octahedron  1  vben 
m  =  l,  and  when  m  is  less  than 
nnity  it  becomes  m-m,  as  explained 
on  p.  17. 

Since  these  planes  form  a  rectangnlar  zone  the  tangent  of  the  siipple> 
tnent  angles  between  them  and  a  cubic  plane  are  proportional  to  the  valnea 
of  m,  for  the  given  forms ;  only  by  applying  this  principle  for  m-m,  the 

index   —  (=  —  :  1 : 1)  will    be    obtained,  which  is   eqnivaleut  to   m-m 
mm 

The  general  eqnations  for  the  form  m-wi  are ; 

{a)  coav  =  cot  J5 ;  tan  v  =  m. 

(J)       coap  =  eotiC7Vt;  £:=  144"  44'-p;  tanjy2  =  OT  +  l. 

2*'  4,    Form  m-n,  hexoctoAedron, — The  edges  of 

the  hexoctahedron  are  of  three  kinds,  A,  B,  6 
(f. 247),  and  two  measurements  are,  in  geneial, 
needed    in   order  to  deduce  the  values  of    m 
and  n. 
^  (a)  Given  A  and  B.    In  the  oblique-angled 

apherical  triangle  I  (f,  247),  the  three  angles 
are  JJ.,  iB,  and  45°,  In  this  triangle,  tlie 
side  opposite  ^A  (=  angle  v)  is  calculated,  and 
from  it  are  obtained  the  values  of  in  and  n, 
as  follows : 

coeiJ.V'2"-l- cos  15    ,      ,„   . 

COS  V  = : — r-Tj ;  tan  *Ji  am  v~m',  tan  v  =  n. 

sin  iJi  ' 


(S)  Given  A  and  C.  In  the  obliqne-angled  triangle  II  (f.  247),  the  three 
Kngles  are  eqnal  respectively  to  iA,  iG,  and  60°  The  side  opposite  i-4 
(==  angle  p)  is  calculated.  But  the  angle  between  the  diagonals,  that  is, 
the  octahedral  and  dodecahedral  axes,  is  35°  16',  and  the  third  angle  of 
the  triangle  is  f,  the  inclination  of  the  edge  O  on  thn  dodecahedral  axia ; 

n  .J  ii/j'- ■;■-  V-  it.n.is;iC 
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hence,  £  =  144'  44'— p.  Again,  in  the  right-angled  triangle  III  (f.  24T),  one 
angle  =  iO,  and  the  adjacent  side  =  4,  whence  tlie  omer  side,  S  (the  in- 
clination of  the  edge  S  on  the  dodecahedral  axis),  is  obtained  ;  v  =135°—  S, 
and  froTn  tliis,  aa  above,  and  from  Uio  angle  p,  are  deduced  tlie  valaes  ol 
A  and  n.    Tlie  formulae  are : 


.3i^4 


si6' 


Bin  iC  V'a 


p  =  135°—  B;  tan  v  =  » 


:  f  =  144°  U'-p ;  tan  S  =  flin  f  tan  iO 

V2. 


n+1 


tan  ^=  n*. 


(0)  Giv. 
glcs 


n  B  and  C.  It  the  right-angled  triangle,  III  (f.  347j,  the  twc 
angles  are  given,  equal  respectively  to  JS  and  iv.  From  the  triangle  la 
dednced  the  side  opposite  4  C(=  angle  S  defined  before),  and  from  it  is 
obtained  v,  and  from  k  and  iS,  the  values  of  m  and  n,  as  in  the  fii-st  case. 
The  formnlas  are : 


sin  ijB  * 


=  135°—  S ;  tan  ><=:«;  tan  ^B  sin  v  =  m. 


If,  instead  of  wi-n,  the  form  ia  m ^,  only  one  measurement  is  needed, 

and  tlie  process  is  simplified. 

When  the  angles  of  any  plane  m-n  on  two  cnbic  planes  are  given,  their 
Bopplements  wUl  be  the  angles  of  the  plane  upon  the  corresponding 
dianieti-al  sections,  and  from  them  the  values  of  m-n.  may  be  readily  calcu- 
lated. Thus  (in  f.  24S),  the  angles  of  a  given  plane  on  a  cnbic  plane  at 
a*  will  be  the  supplement  of  its  angle  upon  the 
section  a'a',  that  is,  the  angle  B  in  the  spherical  **8 

triangle;  similarly,  the  angle  of  a  cubic  plane  at 
a'  will  be  the  supplement  of  its  angle  on  the 
section  o'a',  the  angle  A  in  the  spherical  triangle. 
In  this  same  triangle  C— 90°.  Uence,  the  sides 
opposite  A  and  B,  that  is^,  the  inclinations  of  the 
two  edges  on  the  adjacent  axis,  may  be  calculated, 
and  tJiJB  axis  being  equal  to  uuity,  tlieir  tajigents 
will  give  the  correspuuding  lengths  tif  the  other 
axes.  Thetie  leiigtJta  mav  not  be  the  values  of  m 
and  n  in  the  form  hi  wliicli  the  symbol  is  generally 
written,  where  tlie  unit  axis  is  always  the  shortest, 
but  the  latter  are  immediately  dedncible.  For  ex- 
ample, if  the  angles  here  mentioned  for  the  plane  numbered  4  (in  f.  247)  had 
been  measured,  the  values  o£  the  axes  obtained  by  calculation,  when  the 
front  axis  is  the  unit,  would  be  ^  aiid  i  respectively,  and  tlie  symbol,  hence, 
}  :  4  :  1,  which  is  equivalent  to  1 :  J  :  3,  or  m-n  =  3}  for  the  general  form. 

Memihedral  Jbrm.8. — For  each  liemihedral  form  the  formulas  are  iden- 
tical with  those  already  given  for  the  corresponding  holohedral,  so  far  aa 
the  edges  of  the  two  are  the  same.  For  example,  in  comparing  f.  69  and 
i.  87  it  is  seen  that  the  edges  A  and  O  are  the  same  in  both,  while  B  ol 
the  holohedral  form  differs  troin  B'  of  the  hemihedral.     The  formulas  re- 
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quired  to  ooTer  these  additional  cases  are  gi^on  beloir,  they  are  obtained 
m  a  manner  similar  to  those  in  the  preceding  pages. 

Form  i{m),  t.  85.    Given  B'. 

cos«  =  2cos4^'V4;  5:=35''16'+e;  tan  {:Vi  =  m. 

Form  K"*-"*).  f-  81.    Given  S'. 

tan  i^V's  =  m. 

Form  i(m-n),  t  8T.    (a)  Given  A'  and  B'. 

cosi^'  _      coai^'  Va  Vi 

sin  iJ.  '  "^      sm  i5"  cota— cotp'  coto+ootA 

{b)    Given  ^  and  C. 

^^^2co9i^'+co6iC     j-^ggoig.^,    cot  S  =  tan  l^T  gin  & 
sin  i(7v3 

_y'2 
tan  (5  +  45°)  =  n;  — — ■  tan  t=  m. 

Form  i[i^t],  f.  93.    Given  A". 

tan  i^"=  n. 

Form  [m-n],  f.  XOO.    (o)    Given  A"  and  ^'. 

C08  iA"  n  cos  1/4" 

-r ■  -,  nTi  =  cos  v :  tao  v  =  ni  ,  n„-  =  m. 

Bin  4-0  '      COB  45 

(J)    Given  A"  and  C" 

1  ^^../T       '    ^  o      COB  OVg  — cos  4.4" 

2  cos  iC  V  4  =  sin  0 :  cos  &  = =2 — , 

Bin  4.4"  V  a 

tan  (45"  +ff)  =  m;  sin  (45=  +  ^  tan  44"=  n. 

(o)    Given  J"  and  O". 

t/1"*/T  •      /I  B         COB  «V^- COB  4.5" 

Soob4^  v4  =  Bin  O;  cose  = r^S — . 

'  '  Bin45"\^2 

tan(45*'+S)=:»;  sm  (45°+^  tan  45' =i7k 

The  varions  combinations  of  liolnhedral  and  hemihedral  forms  whioQ 
may  occnr  are  unlimited,  and  it  would  be  nnwiae  to  attempt  here  to  show 
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tinB  methods  of  trorking  them  ont.  It  is  only  neceesar;  to  reiuBrk  that  Uie 
solution  can  generally  oe  readily  obtained  by  the  UBe  of  one  or  two  spheri- 
cal triaiwles  iti  the  way  shown  in  the  preceding  cases. 

The  calculation  of  the  iiiterfacial  angles  between  two  known  forms  can 
often  be  performed  by  the  furmulas  ah-eady  given,  or  by  similar  methods 
Fur  the  more  general  cases,  refei«uce  must  be  made  to  the  cosine  formtila, 
p.  62. 

Int»ffaoi<d  Angle«. — L  Eolohedral  Form*. 

The  following  are  some  of  the  angles  among  the  more  common  of 
I&ometriu  bolohedral  forms;  adjacent  planes  are  to  be  understood,  unless 
it  is  stated  otherwise.  The  angles  A^  B,  C,  above,  are  those  over  the 
edges  so  lettered  in  the  figures  referred  to  (see  pp.  15-19),  or  over  tte 
corresponding  edges  in  related  forms : 

If  A  B=  (W,  *.  88        1  A  S-a  =  160°  83',  t  66  *.|  A  H,  ■^.=  ^88"  W 

Ma   1  =125  !«',  t  40,  41   1  A  8-8  =  160  80,  t  67  Ma  (-1,  t',=  1B7  23 

fi  A  »  =  186,  f.  48,  IS.      1  A  1  =  109  49  M  a  ^3,  A,=  148  8,  t  06 

Ha  <-i  =  146  IB  1  A  a  =  164  12,  f.  68  Ma  W,  0,=  143  8 

£'a^2  =  168  3S,  f.  04      1  A  8  =  168  j-3  A  <-3,  or.  top,=  13S  S9 

£-  A  M  =  161  S4  1  A  8-)  ::;  167  40  f-2  a  »-S  =  171  32 

B-AH  =  188  19  1  A  4-3  =  151  62  Ma  2-3=  166  54 

Ha  M  =  186  46  1  A  6-J  =  161  SB  f-8  A  *^,  A,-  154  9,  t  6» 

Ha  S^  =  144  44,  f.  SS       <  a  <  =  120  I.  40  ^8  A  >-8,  <?;=  126  62 
if  A  8-3  =  164  46           <  A  •,  or.  top,=  90        9  A  2,  A,^  153  44,  f.  61 
fi-Aj,  OT.  1,=  116  14        (avS  =  167  42  2  a  S,  A=  141  S^ 

if  A  3,  "  s  109  38,169   f  A  »-3  =  161  34,  L  68     8  A  8,  .<1,=  142  8 
tfA8,  "  =103  16       *A^-8  =  153B6         8  A  8,B,=  158  38* 
ffA3-J  =  143  18.  (.70       i  A  8-3  =  150  8-J,  .i,=  158  18,  f,  6» 

a  A  4-2  =  160  48  (aH  =  160M  8-),  ^=  148 

Ha  6-S  =  147  41  i  A  8-8  =  148  81  8-J,  C,=  158  18 

I  A  I  =- 109  28,  (.  43        f  A  4-}  =  166  6  4-2,  A,=  163  15 

1  A  1,  top.=  70  83        I  A  6-J  =  163  68*        4-3,  B,=  164  47* 

1  A  i=  144  44,  f.  47  S-3  a2-2,  £,=  131  49,  t  64   4-3,  «=  144  8 

1  A  *•*  =  143  11  2-2  A  2-2,  0,=  146  27       6-1,  ^=163  30 

1  A  t-3  =  140  16,  f.  67  3-3  A  8-3,  ov.  tcp.=10B  28    6-f,  i*,=  180  83 

1  A  ^  =  186  64  8-SA8-8,  .K=:144  64,  t  61   S-},  (7,=  163  20 

1  A  H  =  168  41  8^  A  8-8,  0,=  ISO  81 

II.  SemihedTcH  Forma. 
The  following  are  the  angles  for  the  corresponding  hemihedral  forms; 


1  A  1  =  70°  Bff,  ft  76,  76a 

8.8A8-8,  (7,=  184*  3' 

M  A  <-8,  0,=  107-  27*' 

i  A  J,  A,=  162  89* 

8-  A  8-},  .4,=  158  18,1  87 

4-3  A  4-2,  ^=138  16 

}  A  f,  a=  83  10 

8-  a8-},  B,=  110  66* 

4-3  A  4-3,  B,=  164  47* 

9  A  3,  A=  168  44,  186 

B-  A8-f,  0,=  168  18 

4-  A  4-3,  (7,=  131  49 

9  A  2)^=90 

4-  A  4-3,4,=  168  15 

8-  a8-?,  J,  =  116  28,  not 

8  A  8,  A,=  143  8 

4-3a4^,  £,  =  124  61 

8-}  a8-},  S,=  148 

8a8>,=  W6 

4-3  A  4-2,  C,=  144  8 

8-  A8-i,  0,=  141  47 

H  AH,  ■B,=  93  3a 
PIaH  C  =  100  15 

i-i  A  t-5,  A,=  112  87 

«A*-f,  (7,=  117  29 

8-  A6-J,  ^,=  118  8* 
6-  A  6-f,  £,=  160  89 

1-9  A  3-2,  B,=  108  88,  f.81 

1-2  A  ^2.  /l.=  136  63,  IBS,  98 

6-  A6-i,  6',=  181  S 

1-9  A  2-2,  C,=  148  36* 

(-3  A  W,  (,;=  118  86 

|.«A8-3, -B.=  124  7 

t8A^-8,-d,=  143  8 

In  the  forma  i-\,  »-2  (f.  92),  t-3,  ^-4,  A  is  the  angle  at  the  bnger  edge^ 
■od  C  that  at  either  of  the  others. 
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IL — TsnuooHAL  Ststev. 

Li  the  Tutragonal  BTBtem,  as  has  been  f  ullv  e}n>]ained  (p.  80),  the  longtli  oi 
tho  vertical  axis  is  variable,  and  must  be  determined  for  each  species.  If  tha 
length  of  c  is  known,  then  it  may  be  required  to  determine  the  symbols  of 
ccrtahi  planes  by  means  of  measured  angles.  These  two  probltsins  are  in  ft 
measure  coinplementary  to  each  other,  and  the  same  methodrf  will  give  a 
solution  to  eitlior  case.  (For  figures  of  the  forms  see  pAges  27  and  S8.) 
The  calculation  of  the  interfacial  angles  can  be  pera*rmed  by  similar 
methods  or  by  the  ccsine  formtila. 

1.  Form  m. — Tlie  edges  are  of  two  kinds,  pyramidal  X,  and  basal  Z. 
If  either  angle  is  known,  the  angle  a,  which  is  Uio  inclination  of  the  edge 
X  on  tho  lateral  axis,  may  be  calculated  bv  the  spherical  triangle,  as  m 
f.  242,  2i3.  (Compare  the  explanation  of  this  case,  p.  62.)  Obvionsly  in 
the  plane  right-angled  triangle  formed  by  the  two  axes  and  the  edge  X, 
tan  a  =  vie  (since  a=V).  If  <}  is  known,  then  m  is  determined  ;  and,  con- 
versely, a  value  being  assumed  for  m,  in  the  special  case,  6  is  given  by  the 
calculation.     The  general  formulas  are  : 

cot  ^X=  sin  a,  or  tan  ^Z  V~i  =  tan  a ;  then  tan  a  =  me. 

2.  Form  m-4. — (a)  Given  the  angle  Z,  me  is  fonnd  immediately  ;  the 
solution  is  obvious,  for  in  the  section  indicated  by 
the  dotted  line  (f.  249),  iZ=a,  and  the  tangent  of 
this  angle  is  equal  to  the  vertical  axis,  (b)  Given 
the  angle  Y.  A  spherical  triangle  placed  as  in 
f.  249,  has  one  angle  —  ^P^  a  second  =  45°,  and 
the  third  =90°,  whence  the  side  opposite  i  J"  is 
calculated,  which  is  the  complement  of  a. 

The  general  formulas,  which  may  serve  to  de- 
duce the  value  of  m,  when  6  is  given,  or  the  con- 
verse, are: 

COB  i  YV2  =  sia  o,  or  tan  iZ  =  tan  a,  and  tan  a  =  me. 

If  a  aeries  of  square  octahedrons  m,  or  m-i,  occur  in  a  vertical  zone,  their 
symbols  may  be  calculated  in  both  cases  alike  by  the  law  of  the  tangents, 
tJie  angles  of  the  planes  on  O,  or  on  /,  or  i-t,  respectively,  beino-  iriven. 
(SeepTsO.)  ^  '  .  .       P  J.  BS 

3.  Form  i-n. — For  the  an^e  of  the  edge  X  (f .  109,  p.  26),  at  the  extrem- 
ity of  a  lateral  axis,  tan  iJT  =  n.  From  the  angle  of  the  other  edge  Y, 
we  have  iX  ^  135°-  i  Y;  and  hence,  tan  (135°  -  iY)  =  n. 

4.  Form  m-n, — The  ed^es  are  of  three  kinds,  X,  ^,  Z{i.  250),  and  two 
angles  must  be  given  in  tne  general  case  to  fetermiBe'  }ii  aiCfl'  n. 

(a)  Given  Xand  Z.  A  splierical  triangle  having  its  vertices  on  the  edgd 
J"  and  ^and  the  lateral  axis,  as  1,  f.  250,  will  have  two  of  its  angles  equal 
to^X,  iZ,  respectively,  and  the  third  equal  to  90°.  The  solution  of  tliis 
triangle  gives  the  sides,  viz.,  a  and  v,  the  inclinations  of  the  edges  X  aod 

n  .J  ii/j'- ■;■-  V-  it.n.i>,;n^ 
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Z^  respectively,  on  the  I&teral  axis.     Tb«  tangents  of  these  angles  gire  the 
values  of  ?»  and  n.    The  formulas  are  as  follows : 

voi\Z  .  coa  hS 

— — i-—  =  cos  a,  tan  a  =  mc;  -, — f^-  =  cos  y,  tan  »■  =  ». 
sin  iJC  SIB  iZ 

(i)  Given  Y  and  Z.     In  a  second  triangle  placed  as  indicated  (2,  f.  250), 
two  of  the  angles  are  iT'and  iZ  respectively, 
and  the  tliird  is  90°,    The  solution  of  this  second  sso 

triangle  gives  8,  the  inclination  of  the  edge  Z 
on  tfie  (fiagonal  axis,  from  which,  in  the  plane 
triangle  we  have  v  ~  135°  —  S,  and  from  v  is  ob- 
tained n.  Still  again  from  the  triangle  1  (f.  250), 
and  its  solution  used  in  the  preceding  case,  having 

given   Z  and  v,  a  is  obtained,  and  from  it  m  ;  i 

as  by  the  following  formulas  : 

'^l^  =  cos  5,  v  =  laS'-S,  tan  v  =  n  J 

tan  iZ  sin  v  =  tt.n  a  =  mc. 

(o)  Given  Xand  T',  A  third  triangle,  numbered  3  in  the  figttre,ha8two 
of  the  angles  equal  to  J^and  J  Y  respectively,  and  the  thii-d  is  45°.  Solv- 
ing this  oblique-angled  triangle,  the  angle  of  the  inclination  of  the  edge  T 
on  the  vertical  axis  is  obtained,  and  its  complement  ia  the  angle  e,  the  in- 
clination of  the  edge  yon  the  diagonal  axis;  from  e  and  J  Fare  obtained, 
bv  triangle  2,  S,  and  thence,  as  above,  n;  and  finally,  from  .Z'and  v,  is 
obtained  a,  and  from  that  the  value  of  m.  The  simplified  formulas  are  aa 
follows  : 

cosiFV^  ,       .  ,^ 

T-v —  =  n— 1  ;  sm  a  =  n  cot  4  J.,  tan  a  =  mc. 

cos  iJL  '  "     * 

Pyramids  of  the  general  symbol  1-n,  m-m.,  etc.,  are  especial  cases  of  the 
preceding,  the  processes  being  for  them,  however,  somewnat  simplified.  A 
single  measnremeut  Is  sufficient 


IIL  Hecagosal  Stbtbm. 

In  the  Hexagonal  system  there  are  three  equal  lateral  axes  (a)  inter 
tecting  at  angles  of  60",  and  a  fourth  vertical  axis  (c)  at  right  angles  to 
the  plane  of  the  others.  Taking  a  =  1,  there  remains  hut  one  iiiiknowii 
quantity  in  the  elements  of  a  crystal,  that  is  the  length  of  c,  and  a 
(ingl^  measnrement  is  sufficient  to  determine  this.  The  relations  of  tlie 
three  lateral  axes  have  been  explained  on  p.  32. 

The  hexagonal  system  ia  closely  allied  to  the  tetragonal,  and  optically 
they  are  identical,  as  is  shown  beyond. 

ftchrauf  refers  all  hexagonal  forms  to  two  lateral  axes  crossing  at  right 
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Bnglea  and  a  vertical  axis,  in  order  to  show  thia  relation.  Accoi  ding  to  him,  in 
this  syetfim,  the  axes  are  c  :  aVS  :  a ;  in  the  tetragoDal  they  are  6  :  a:a. 
Millers  school,  on  the  contrary,  employ  three  equal  axes,  making  eqnal 
angles  with  eat^h  other,  and  each  normal  to  a  face  of  the  fundamental  rhom- 
bohedron.  In  eaoh  of  these  methods  a  holohedral  form,  for  inetanco  a 
hexagonal  pyramid,  is  considered  as  made  up  of  two  sets  of  forms,  having 
different  indices. 


A. — Solo/udral  Forme. 

1.  Form  m :  hexagonal  pyramid,  first  series. — Suppoae  a  apherical  trian- 
gle, inscribed  in  f.  148,  p.  33,  having  its  vertices  upon  the  edges  2^  and  Z. 
and  the  correapondiug  lateral  axis  respectively,  sunilar  to  the  triangle  of 
f.  242.     This  will  be  a  right-angled  triangle. 

(a)  When  the  angle  of  the  edge  ^  is  given,  then  {,  the  inclination  of  the 
cidge  X  upon  the  adjoining  latoi-al  axis,  is  calculated  : 

sin  f  =  cot  iX  V^,  and  tan  f  =  ttwj,  or  =  li,  the  vertical  axia,  when  n»  =  1. 

(})  Qiven  the  angle  Z. 

tan  i  Z  V'J'=  mo,  or  =  i  when  m=\. 

2.  Formm-2:  hexagonal  pyramid,  second  series. — These  pyramids  bear 
the  same  relation  to  those  of  the  m  series  as  the  m-i  octahedrons  to  m  octa- 
hedrons of  the  tetragonal  system.  (Compare f.  112,146.)  The  metbodsof 
iMilciilation  are  similar  (f.  249.)  The  edges  are  of  two  kinds,  vertical  I' and 
basal  Z. 

{a)  Given  the  angle  Y. 

2  cos  il'^Bin  JZ,  and  tan  ^Z  =:me,  or  ivfhenr»»  =  1. 

{b)  Given  the  angle  Z.    Then  simply 

tan  ^Z  :=:  me, 

3.  Form  i-n:  dihoxagonal  prism. — The  vertical  edees  ara  of  two  kinds, 
axial  X,and  diagonal  Y;  the  solution  in  either  case  is  by  means  of  aplunc 
tiiangle,  in  a  croas-eection  analogous  to  tliat  of  f.  146. 

(o)  Given  X. 
(4)  Oivon  r. 


bvGooglc 
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t  Form  m-n :  dihexa^onal  pyramid. — The  edges  (f.  361)   are  of  throe 
kiada,  X and  Y terminal,  and  Zhaea\ ;  measuremente  of 
two  of  these  are  reqtiired  to  give  the  vbluoB  of  m  and  W 

n ;  this  is  analc^oa  to  the  calculation  for  the  form  m-n 
in  the  preceding  system. 

(a)  G-iven  ^and  Z,  In  a  spherical  triangle  having  its 
vertices  on  the  edses  X  and  Z,  and  the  adjoininglat- 
eml  axis  respDctively,  two  angles  aro  given.  If  p  =  the 
incUnatioD  of  the  edge  Z  upon  the  lateral  axis  (the  side 
of  the  spherical  triangle  opposite  the  angle  iX),  then 

COB  f  =  ^Ty,  n  —  i  =  tan  (f  —  30°)  VJ;  taa  ^Z  sin  v  =  nkj. 

(b)  Given  T  and  Z.  The  right-angled  spherical  triangle  has  its  vertices 
on  the  e<^ea  I^and  Z  and  the  diagonal  axis.  If  8  =  the  indination  of 
the  edge  Z  apon  this  diagon^  latenu  axis,  then : 

006  8=^*^  ;bnt«-i=  tan  (120"-  ^i^, 

also 

(150°  —  S)  —  p;  and,  ae  befoi-e,  tan  ^Z  sin  v  =  me. 

(c)  Given  Xand  Y.  In  the  obliqne-angled  spherical  triangle,  with  its 
vertices  npon  the  edges  X  and  Y  and  the  vertical  axis,  the  Uiree  angles 
are  koown,  viz.,  iX,  ^Y,  and  30°,  hence : 

cosJXVI". 

Further,  if  f  =  the  angle  of  inclination  of  the  edge  Xnpon  a  lateral 
axis,  that  is,  the  complement  of  the  same  edge  npon  ue  vertiodl  axis  (the 
side  of  the  spherical  triangle  opposite  the  angle  iY), 

4/3 
sinf  =  n- cotiX,  and  tan  f  =me. 

If  the  pyramid  m-n  takes  the  form  m-    "''  ,  as  determined  by  its  zonal 

relations,  the  calcnlations  are    simplified,    since  one  unknown  qnantity 
only,  m,  has  to  be  determined,  and  one  measorement  is  safficient. 


B. — Rhomhohedrai  Dvviaum. 

The  relation  of  the  rhombohedrons  and  scalenohedrons  to  the  trne  hexar 
ffonal  forms  has  been  made  clear  in  another  place.  The  rhombohedroo  is 
uie  hemibedfal  form  of  the  hexagonal  pyramid  m,  and  Its  symbol  is  writ 
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ten  —  ,  or  uBually  tnli.    The  ecalonoliedroi)  ia  the  corresponding  hemihe 

dral  form  of  the  twelve-sided  pyramid,  aod  its  symbol  is  written  ^{nwi)  or 
m'li".  The  latter  ajmbol,  proposed  by  Nannuuin,  has  reference  to  tha 
rhombuhedron  whose  lateral  edge  corroapondB  to  the  edge  Z  of  the  given 
Bualenohedron. 

The  formnlos  given  by  Nanmann  for  redncing  the  symbol  \{7iirfC)  to  the 
form  m'J^  are  as  follows  : 


tt(2-«) 


',  and  »'  =  ; 


For  the  converse,  to  reduce  m'R^  to  the  form  i(«»-»), 


m  =  m'n'  and  n  =; 


ft'  +  1 


1.  Hhonibohedrona,  mR. — The  methods  of  calculation  are  simple,  and 
will  be  understood  from  f .  252.  The  edges  are  of 
two  kinds,  X  and  Z,  and  their  relation  is  such  that 
the  corresponding  angles  are  the  siipplementa  of 
each  other. 

Given  the  angle  of  the  edge  X.  A  spherical 
triangle  is  plaeea,  as  indicated  by  AS  C,  in  f .  252, 
with  Its  vertices  respectively  on  the  edge  X,  the 
vertical  axis,  and  the  diagonal  of  the  rhombohe- 
dral  face.     In  this  triangle  A  ^  ^X,  B  =  6(^ 

J    rt         t\r\Q     V    i.  cos  A  COS  i.X 

and  G  =  90  ,  bnt  cos  o  =   -: — =  =  — — —'. 

am  B         sm  60  ' 

here  a  is  the   inclination   of  the  diagonal   line 

npon  the  vertical  axis,  that  is,  the  complement  of 

a,  its  inclination  npon  the  basal  section.     Now  iu  the  plane  triangle  o^ 

whore  aa  =  the  lateral  axis  =  1,  a5  =  V^  hence,  tan  a  ♦'5^=  mCy  i]r:=  h^ 

the  vertical  axis  of  the  rhombohedron,  when  m  =  1. 

The  general  formulas  are  then  : 

cos  \X         ,  _ 

flin  o  =  ■^^60^  1  "1"  tan  o  V  J  =  mc 


Obvionsly,  when  the  angle  of  R  (or  mR)  npon  the  basal  plane  (?  can  be 
measured,  me  supplement  of  this  ie  the  angle  a.  Similarly  the  angle  Rt\l 
-  00'  =  «. 

In  a  series  of  rhombohedrons  in  a  vertical  zone,  the  tangent  law  can  be 
advantageously  applied.  Attention  must  also  be  called  to  the  zonal  relations 
of  certain  +  and  -~  rhombohedrons,  remarked  on  p.  36 ;  these  relations 
may  be  conveniently  shown  by  means  of  Quenstedt's  method  of  projection. 

2.  Scalcnokedront,  mi?". — As  seen  in  f.  171,  p.  37,  the  edges  aie  of  three 
kinds,  Xy  Yf  Z^  and  two  angles,  must  id  general  be  measured  to  allow  of 
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the  determination  of  m  and  n.    The  methods  of  calcnlatioQ  are  not  alto- 
gether Bimple.    The  following  eqnatiooe  are  from  Naumann, 

(a)  Given  Xand  Y. 

f»ia  found  from  ^L±I  =  2??i:5.  further,  ein  iZ  = -?1  eofl  iX 
»  —  1       coeiF'  »  f-  1 


„       tan  IZ        ,        fc,  ,/=■ 
cos  f  =    ^  .-  »  and  cot  f  fa  =  me. 


(J)  Given  X  and  Z. 

3»   _    sin  iZ  „       tan  ^Z  ,  - 

(o)  Given  Fand  Z. 

2»    _    BinjZ  tant^       ^      ^  ^.  „ 

^r:ri-  TSTfT'    *^f^=  -^;^>andcotfV^=fn<^ 

If  m,  that  is  the  inscribed  rliombohedron,  is  known,  one  measnroment 
will  give  tlie  valne  of  «.  Z'  =r  basal  edge  of  the  inscribed  rhombohedron 
(care  must  be  taken  to  note  whether  <f>  is  obtuse  or  aoitte). 


(i)  Given  X. 

6in*=2cMiXco8t2'. 

Ian  W-i^O  cot  iZ'  =  «. 

(»)  Given  T. 

sin  0  =  2  coa  iFcoe  iZ'. 

tim(^+iZ)a>tiZ  =  it. 

(/)  Given  2. 

tmtiZ,ootiZ'=n. 

If  n  is  known.    From  X,  we  have  sin  ^Z  =  —  cos  JX :  then,  as 

nnder  (a).    From  T",  siu  iZ  =  — —  cos  iT".  and  then  as  above.    From  Z, 

m— 1 
ooB  {'  is  obtained  as  nnder  (a),  and  then  mo. 


TV.  Obthobhokbio  Ststbil 

Of  the"  tliree  rectangular  axes  in  the  Ortliorhombic  system,  one  is  alwara 
taken  equal  to  unity,  in  this  work  the  shortest  {t£).  This  leaves  two 
unknown  quantities  to  be  determined  foreacli  epecics,  namely,  the  lengthe 
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of  the  axes  i  and  i,  expressed  in  temu  of  the  unit  axis  4,  and  for  this 
und  t^o  independent  measurements  are  required.  The  simpler  caaee  are 
eonsidei'od  here. 

CdloiUation  of  the  Lengiha  of  the  Awet. 

Let    a  =  the  inclination  of  the  edge  Z  to  the  axis  A  (f.  253). 
8  =  the  inclination  of  the  edge  Xto  the  axis  4. 
7  =:  the  inclination  of  the  edge  T"  to  the  axis  h. 

From  the  i>lane  triangle  formed  by  each  edge  and  the  axes  adjaceot 
({  253, 264)  tne  foUoving  relations  are  dednced,  when  d  =1: 

(IS  Given  a  and  j8,     t&ofi  =  i  and     tan  o  =  ?. 

(2)  Given  a  and  y,      tan  a  =  i,  and  i  tan  7  =  d. 

(3)  Given  0  and  7,     tan  0  =  c,  and  i  cot  7  =  j. 


The  angles  a,  0, 7  are  often  eivec  direct  hy  measurement ;  for,  ohvioosly 
(f.  254, 255), 

a  :=  the  semi-prismatic  angle  /A  I  (over  t-t). 

B  =  the  semi-basal  angle  of  l-«  A  1-t. 

7  =  the  Bemi-basal  angle  of  1-lA  l-I. 

Also  /A  i-e  =  a  +  90°  ;  14  A  i4  =  j9  +  90° ;  1«  A  (?  =  180*— yS,  etc. 

From  the  octahedron  (f.  258),  the  angles  o,  j9, 7  are  calculated  immedi- 
ately by  the  following  formnlaa,  and  from  them  the  length  of  the  axra  ai 
above. 

(a)  GHven  X  and  Z  (spherical  triangle  I,  i. '. 

am  iZ 
Qf)  Given  Tani  Z  (spherical  triangle  EC,  f.  S 
sina=     '^^^ 


(c)  Given  JT  and  J"  (spherical  triangle  III,  f.  253), 

tin^  =  -2?i|5;sin7 
sm+X 


;v  Google 
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If  any  one  of  the  anglee  a,  fi,  or  7  is  given,  as  from  the  mflasurenient  of 
ftpriBin  or  dome,  and  aieo  any  one  of  the  angles  of  the  octahedral  edges  £, 
Y,  or  Z,  a  second  of  the  former  angles  ma;  be  calculated,  and  from  the 
two  the  axes  are  obtained  as  before.  The  formnlas,  derived  from  the 
same  spherical  triangles,  ore  as  follows  : 

(1)  Given  Xaod  o,  sin  /3  =  cot  ^Xtan  a, 

X  and  ^,  tan  a  ^  tan  \X  sin  yS. 

X  and  7,  cos  /9  =  cot  4X  cot  7. 

(3)  Given   Kand  a,  sin  7  =  cot  I  J"eot  a, 

T&ndfi,  COB  7  =  coti7"cotj9. 

yand  7,  cot  a  =  tan  iY  sin  7. 

(3)  Given   Z  and  a,  tan  7  =  tao  i  Z  cos  a, 

Z  and  jS,  coe  a  =  cot  iZ  tan  7. 

Z  and  7,  sin  a  =:  cot  I  ^  tan  0. 

Calcvlation  of^  values  of  m  and  n. 

The  above  formnlas  cover  all  the  ordinary  cases,  the  only  change  that  is 
repaired  in  them  is  to  write  for  0,  h,  a,  in  equations  (1),  (2),  (3),  above,  0',  h',  a', 
the  lengths  of  the  axes  for  the  given  form,  noting  that  </  =  mo,  and  so  on, 

1.  I  Tiama,  i-n  or  t-A.  As  remarked,  the  semi-piismatic  angle  (over  »-«) 
is  the  angle  a  (f.  254'),  and  tan  a  =  nh.  If  the  calcnlated  value  of  n  is 
greater  t£an  nnity,  tne  form  is  written  <ac'.t)h  -.a  (t-n) ;  if  less  than  unity, 
tue  form  is  written  x  c :  i :  ns  (JrX),  h  being  the  unit  axis.  Thns  i^ 
(oo  c  ;  i& ;  a)  becomes  i-!  (00  4 :  &  :  3a). 

2.  Do^nee,  m-l  and  mri. — No  further  explanation  is  needed  (f.  255) ;  here 
tan  (8  =  Tne,  or  I  tan  7  =  *h& 

3.  OataAedrons,  m. — Here  the  angle  a  is  always  known  (it  being  the 
same  as  for  the  unit-octahedron  whera  tan  a  =  S),  and  hence  a  ungle  mea»- 
ored  angle,  X,  Y,  or  Z  will  give  the  values  of  either  0  oty  for  the  given 
form,  and  tan  0  =  mc,  h  tanff  ~  me. 

i.  Forma  m-n.  or  m-A. — Tlie  measurement  of  the  angles  X,  Y,  Z  will 
give  the  values  of  a,  jS,  and  7  Relonging  to  the  given  form,  and  tan  0  =  ma, 
tan  a  =  n^,  etc  \ 

Here,  as  in  the  prisms,  if  n  is  lese  than  unity,  when  the  axis  H  is  tlie  unit, 
the  symbol  is  transposed,  and  thAaxis  2  made  the  unit,  tliua  'ie\^\a  (2-}) 
becomes  4c  ;  A  :  2a  (4-S).  y 

If  the  angle  between  the  form  ^^  (or  rn-A)  and  either  of  the  pinacoide 
can  be  measured,  ^e  method  of  calculation  is  easentially  the  same  (Com- 
pare f .  248) ;  for  \ 

mrn  A  O  (base)  =  supplement  of  theVigle  \Z', 

t»-n  A  iA.  ^macropiaacoid)  =  supplement  of  the  angle  kY'  and 

m-n  A  t-{  (brachypinacoid)  =  supplement  of  the  angle  \X, 

The  method  of  calculation  of  planes  in  a  rectangnlar  zone  by  means  of 
the  tangents  of  their  supplement  basal  aneles  tinds  a  wide  application  in 
tfaia  system.    It  applies  not  only  to  the  mam  zones  (7  to  vi  (macrodomes), 
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O  t<ii-i  (bracbydomes),  t-»to  «^  fvertical  priemB),  and  I  \f>  0  (unit  octsh& 
drons), bntalso  to  any  z,ine  of  octanedrons m-ft  (or  bvA)  betn^een  0  and*  A 
(or  •-»),  and  any  tranBTeree  zone  from  i-i  to  m-t,  and  w  to  m-i. 


V.  Moifoouina  Ststeh. 

In  the  KoDOclinic  system  the  number 
of  nnknown  qaantities  is  three,  viz.,  the 
lengths  of  the  axes  6  and  h,  expressed  in 
terms  of  the  unit  clinodiagonal  axia  d,  and 
the  oblique  angle  /3  (also  called  (J),  between 
the  basal  and  vertical  diametral  aections, 
that  is,  between  the  axes  h  and  d.  Three 
independent  measurements  are  needed  to 
determine   these  crystallographic  elements. 

The  angle  /3  is  obtnse  m  the  upper  front 
quadrants,  and  acute  in  the  lower  front 
quadrants;  the  planes  in  the  first  mentioned 
qnadrants  are  distinguished  from  those  be- 
low by  the  minus  sign.  The  unit  octahe- 
dron IS  made  up  of  two  hemi-octaliedrona 
(~1  and  -)-l),  as  shown  in  £  256. 

CaXeulaiwn  of  the  Lengths  of  the  Anee, 
and  the  Anglea  of  obliqutty. 
Represent  (see  f.  2S6)  the  inclination  of  the 

Edge  Xon  the  axis  h  by  /*.    JTon  d  by  r.     T"  on  iJ  by  p. 
X'     "       "    h  "  /*'.    JT'  on  d  by  v'.   Z  on  <j  by  <r. 

For  the  relation  of  the  axes  in  terms  of  these  angles  we  have : 
(1)  In  the  oblique-angled  plane  triangle,  in  the  clinodiagonal  section 
sin  V 


a 

fl  =  sin  /* :  sin 

/*  = 

asinjS 

c  — acoB/S" 

taE 

.= 

tfain/8 

o  — ocos/S" 

-9  = 

2  sin  ^  sin  / 

BD(^-^')- 

',  or,  0  = 


am /I. 


-  when  a  =  1. 


asin^ 

c-l-ocos  j8" 

.»in^ 

a  -J-  c  coeyS 

iS  = 

2  sin  V  sin  • 

BiD(..-FO- 

M 

-1-1''=  yS. 

Fnrtlier,  /*  -t-  *  -|-  ;9  =  180° 

(2)  In  the  right-angled  triangle  of  the  orthodiagonal  section,  5  cot  />  =  A 
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(8)  In  the  basal  eection,  d  tan  a  =  b. 

The  above  formalae  serve  to  determioe  the  lengths  of  the  area  and  the 
angle  of  obliquity,  or,  if  these  ai-e  known,  to  determine  the  valaes  tf  m  and 
nbr  aDbstitiiting  mo  for  c,  etc. 

The  angles  ft,  v,  □,  a-,  etc.,  mnst,  in  general,  be  determined  by  calcnlatioo 
from  measured  angles. 

Let  the  inclination  of  a  plane  in  the  pofiitive  quadrant  on  the  cliuodi- 
agonal  section  be  denoted  by  JT:  that  on  tlie  orthodiagonal  section  by  7\ 
that  on  the  basal  section  by  Z.  Let  also  the  corresponding  ineliuations  of 
a  plane  in  the  negative  qnadranta  be  indicated  by  X.\  J",  Z',  respectively 
(see  f.  256). 

It  is  to  be  noted,  when  the  pinacoids  are  present,  that 

+  1 A  (9  =  180'- Z:     +lAa  =  180°-r:    +  1  A»4  =  180»-X; 
—  1 A  (?  =  180°— Z';    —  lAt4  — ISO'-F';  —  lA»-*=  ISC-X. 

The  eame  is  trne  for  the  oorresponding  angles  of  the  general  form 
±w^7i,  ornir-A. 
Also,  when  ±  1  (f.  356)  alone  are  present  (or  m-n)  note  that 

+  1A+1=2X;  -1A-1  =  3Z':   +  lA-1  {orthodiag.)=  7"+ 7"; 
(baBal)=  Z+Z". 

Any  three  of  these  angles  will  serve  to  give  for  the  unit  form  (±  1)  the 
length  and  obliquity  of  the  axes,  or,  when  these  are  known,  two  of  these 
aiiglce  are  sufficient  to  deduce  the  valaes  of  to,  and  »  for  any  nnknowu 
form. 

In  the  first  case,  as  one  of  the  three  measured  angles  must  be  either 
Y-v  y  or  Z  +  Z',  the  formulas  given  above  do  not  immediately  apply. 

For  example,  if  X,  X'  and  Y+  Y  are  given.  Placing  a  spherical 
triangle,  oic,  in  f.  256,  with  its  vertices  on  the  edges  X  -^j  ^n"!  7", 
in  this  the  three  angles  will  eqnal  X,  X  and  7+  Y  respectively ;  here 
tlie  side,  oo,  opposite  the  angle  ( T'+  Y^  is  calculated,  which  gives  the  valne 
of  ^  +  /*',  also  the  side,  Jo,  opposite  X' ;  then,  again,  in  the  right-angled 
spherical  triangle,  where  he  and  X  are  known,  /i  is  obtained,  thus  fif  is 
known  and  also  yS.  The  lengths  of  the  axes  follow  from  tlis  formnlaa 
given  above. 

The  following  are  some  of  the  cases  which  may  occur: 

(a)  Given  0,  and  *-t.     0^U,  (front)=  180'—  ft  behind  =  ^. 

%  Given  0,  -  l-t,and  +  1-i.    Oa—  l-»  =  180*"—  v';   0^  +  1-*  =  180" 

—  !•.    By  the  fonnula  given  above,  tan  yS  =  -; — -. -7^-,  also,  /*  =  180" 

—  (|3+  v).  Thus  ^,  (i^  and  v  are  known,  and  from  them  the  relation  of  tite 
axes  et  and  h  is  deduced. 

(0)  Given  t-^  —  l-»  and  +  1-t.  iri  K  —  1-*  =  180°—  i^'^iris  +  1-t  =  180* 

-^    As  before,  tan  j3  =  ^  ?'"/  ""  ^',  and  v  =  180°-  (S  + /j.). 
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(d)  Given  the  prism  /  and  0  (f.  257).    In  the  apherical  hiangle  ABO, 

C=  90"  (incliuation  of  base  on  clLiodiagciual  eectiun),  B=:0/\I,  A  = 

J(/a/).    Hence,  the  sides  6U  and  GB  are  calculated;  OA  =  ff  (or,  as 

in  this  caae,  180°—  fi) ;    CB  =  <r,  which  gives  Uw  i-atio 

~J.,.  of  the  lateral  axes,  d  and  5. 

(e)  Given  t-i,  1-t  and  O.    Of^i-i  (behind)  = /S,  and 
sin  {i  tan  [(OAl-i)  -  90°]  =  tan  p. 

(/)  Given  +  1  and  —  1,  form  as  in  f.  256.  The 
angles  between  the  planes  +  1  and  —  1  and  the  diame- 
tral sections  Bi-e  indicated  bv  the  letters  X,  Y,  etc,  aa 
before  explained  (p.  77).  The  relatione  betweun  these 
aucrles  ana  the  angles  fi.,  v,  p,  etc,  are  given  in  the  fol- 
lowing formuIoB,  dednced  by  means  of  spherical  triangles: 


■^     tan  o-      tan  p 

Bin  V       Bin  /i ' 


M  Given  the  prism  /  and  —  1  (or  -j-  1),  The  anfflea 
/A  /,  —  1 A  /,  —  1 A  —  1  are  mcasni-ed.  In  the  sphencal 
triangle  ABD  (f.  258),  the  angle  A  -  ^{/a  I),  B  = — 
1 A  ^D  =  iC—  1  A  —1)  =  X,  from  which  the  sides  AB 
=  p'  +  (180°  -  0)  and  AB  are  calcnlated.  Tlien  in  tlie 
second  triangle,  .d^C,  C=  90°,  ^£  is  known,  also  ^; 
ence,  GB  =  <rand  GA  =  180°  -  ^  are  calcnlated.  Thna 
t'  and  //  and  /3  become  known,  and  the  relation  of  ij  to 
i ;  also  from  <r  follows  the  ratio  of  a  to  }. 


Calculation  of  the  valuea  of  m  and  n. 

In  general,  it  may  be  said  that  the  raethodB  of  calcnlation  are  the  same 
ds  Uiose  alreadv  given.  In  each  case  the  valnes  of  /*,  v,  p,  o-  are  to  Im 
obtained,  and  those  introdnced  into  the  axial  equations  (1,  2,  3)  given 
«bove  give  the  values  of  mc,  nb,  etc,  from  which  m  and  n  are  derived. 
^Vhen  m  the  general  form  m-n  {mc  •.nh:a)n  is  fonnd  to  be  lees  than 
unity,  then  &  is  made  the  nnit  axis  and  the  form  is  written  m.'h  {mc: 
b  :  na)y  thus  2c  :  }£  :  a  becomes  4c  :  £  :  2a  (4-1),  the  same  iB  true  for  t-n 
and  Vh. 

1.  Hemi-octahedrons,  ±  w^n.-  Two  measurementB  are  needed,  giving 
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two  of  the  aagles  X,  Y^  Z,  etc.,  from  which  are  derived  /*  (or  v),  p  (or  a), 
and  from,  the  proper  forinulaB  7n  and  n. 

The  following  lienii-octahedrons  require  one  meftsoremeDt  onl^:  ±  m, 
±  w»-m,  ±  jTt-m,  ±  l-»,  ±  1-A.  Further,  it  is  to  be  noted  in  regard  to 
them  that  the  forms  ±  m  have  the  same  ratio  of  the  lateral  axes  as  d:  1» 
that  is,  the  same  valne  of  <r. 

Forms  ±  1-n,  and  ±  m-m,  have  the  same  ratio  of  the  axes  6  and  d  as  tlie 
imit  form  ±  1,  that  ie,  the  same  values  of  n,  v  (jt\  v"). 

Forms  ±  m-m,  ±  X-h,  have  the  same  ratio  of  the  axes  i  and  b  with 
±  1,  that  is,  the  same  value  of  p. 

3.  Form  i^  (or  «-A). — If,  as  before,  X,  Y  represent  the  inclinations  of 
the  given  prism  on  the  clinodiagonal  and  orthodiagonal  sectioiu  reepeot- 
ively,  it  is  to  be  noted  that : 

X  +  r = w. 

Bimilarly  to  f.  257,  we  obtain,  in  general,  for  vay  form,  i^ 

&  cot  X 


Since  »^A»4  =  90°,  the  tangent  law  can  be  applied  in  this  zone  advan 
tageoQsly.  If  X',  Y^  are  toe  oorreeponding  angles  for  the  unit  prism  /, 
tlwn  for  t-n, 

tanX      tani^  ,.       ..  tanX'tanP" 

n  =  7 — =T  =  : =■,       and  for  •-»,  n  —  — 

tonX'      tan  x 

3.  Forms  ±  mri,  hemi-orthodomes. — For  each  form  the  correspondins 
values  of  /«,  v  (/«',  v*)  are  to  be  obtained  by  meaanrement  or  else  calcalateo, 
and  from  them  the  valne  of  mo  obtained  from  the  formulas  (1),  mo  = 
sin  V    ^ 

—. — .etc. 
Bvan 

4.  Forms  mA,,  clinodomes. — Similarly  as  with  the  prisms,  when  X  and 
Zdenote  the  angles  with  ^e  elinodiagonal  and  basal  sections, 


For  any  form  w»-i, 


Or  by  the  tangent  law,  X'  being  the  corresponding  angle  for  l-l, 
tanX^ 


byGoogIc 
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Tlie  triclinic  BTBtem  is  characterized  by  its  entire  want  of  symmetry. 
The  in cli nation B  of  all  the  diametral  planes,  and  beoce,  the  inclination  oi 
the  axes,  are  oblique  to  one  another.  There  are,  then,  five  unknown  qnan- 
tities  to  bo  determined  in  each  casSj  viz.,  the  three  angles  of  obliqnity  of 
the  axes,  and  the  longths  of  the  axes  i  and  i,  d  being  made  =  1, 

The  axes  are  lettai-ed  as  in  the  orthorbombic  system :  i  =  the  vertical 
axis,  ^  =  the  macrodiagonal  axis,  and  d  =  the  brachjdiagonal  axis. 

Let  (f.  259)  a  =  angle  between  the  axes  i  and  ?; 
•»  0=  angle  between  the  axes  i  and  4; 

rj  =  angle  between  the  axes  J>  and  &. 
Also,  let  A  —  angle  of  inclination  of  the  diame- 
tral planes  ineetiiig  in  the  axis  d;  B=  angle  of 
inclination  for  those  intersecting  iti  the  axis  o,  and 
C  =  the  angle  of  those  meeting  in  i. 

The  maci-odiagonal  {m-n)  and  brachydiagonal 
(m-fi)  planes  are  indicated  as  in  the  orthorhombic 
system,  also  the  planes  op]x>Eite  the  acute  angle 
09)  are  called  +,  and  those  opposite  the  corre- 
sponding obtnse  angle —  ;  furthermore,  tlie  planes 
in  front,  to  the  right  (and  uehind,  to  the  left)  are  distinguished  by  an  accent, 
as  ffl-n'. 

Id  the  fundamental  octahedron  formed  by  four  seta  of  planes,  those  are, 
taken  in  the  usual  order  (f.  227),  —  1',  —  1,  +1',  +  1,  and  below,  +  1', 
-I-  1,  -  1',  -  1. 

In  the  determination  of  any  individual  crystal  belon^ng  to  this  aj'stem, 
the  axial  directions  as  well  as  unit  values  have  to  be  assumed  arbitrarily ; 
in  many  cases  {e.ff.,  axinite)  the  custom  of  difFerent  authors  lias  varied 
iiuieh.  Two  points  are  to  be  considered  in  making  the  choice :  1,  the  cor- 
respondence in  form  with  related  species,  even  if  tliesc  be  not  triclinic,  as, 
for  example,  in  the  feldspar  family  ;  and  2,  the  ease  of  calculation,  which 
is  much  facilitated  if,  or  the  planes  chosen  as  fundamental,  the  pinacoids 
are  all,  or  at  least  in  part,  present. 

In  genei'al,  the  methods  of  calculation  are  not  simple.     Some  of  the 
most  imjwrtant  relatione  are  given   hero   (from  Kallmann).     In  actual 
practice,  problems  wliich  arise  may  be  solved  by  some  of  tlie   following 
formulas,  or  by  means  of  a  series  of  appropi'iate  spherical  triangles,  used 
as  in  the  preceding  pages,   and  by  which,  from  the  measured  angles,  the 
required  elements  uf  the  forms  may  bo  obtained. 
In  addition  to  the  angles  already  defined,  let,  as  follows  (f.  269), 
X=  inclination  of  a  plane  on  the  brachydiagonal  section  ; 
T  =  "  "  "     macrodiagonal        ** 

_Z_  «  «  «      basal  « 

Lot  the  inclination  of  the  edge, 

Xon  <}  =  /i,  I^on  i~p,  Zoad:=9, 

JT  on  ({  =  v,  Y  oni~v,  Zonh  =  Tf 
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When  iba  three  pinacoida  are  present,  the  sngles  A,  B,  O  are  g^yen  by 
oieafiureinent.  These  angles  are  connected  wi£  the  axial  angles  b;  the 
following  equatiouB : 


BiQ  ^  Bin  (/         '  Bin  6'  Bin  ^ 

dx  C  +  coa  A  coa  B 

COB  7  = ; -7—: — ]5 ; 

sin  ^  sin  ^         ' 
also, 

Bin  a  :  ain  /3 :  sin  7  =  sin  ^  :  un  ^  :  sin  £^ 

The  relationB  between  the  angles  a,  /3, 7,  and  the  angles  ft,  f,  eta.,  an  bb 
follows : 

—  ^  ^"  P  ^°  p'  _  2  Bin  w  sin  tK 
*~  iia  {p—p')        sin  (it  —  sr^  ' 

a      Ssin  u  sin  tf'      3  sin  v  sin  i** 

tan  j8  =  — ; — r- k~  ~  — — ; jt- 

sin  0*  —  /* )        Bin  (v  —  y) 


"       ain  (t  —  t')  sin  («'  —  «■')  * 

Also, 

a  +  «-  +  p  =  y9  +  /»  +  i'  =  7  +  <r  +  T=  180*. 

The  relations  between  X,  Y,  Z,  and  J.,  B,  C.  and  /*,  v,  etc.,  are  ^ven 
b;  the  following  formulas,  in  which  the  sum  and  differeaoe  of  X  and  F, 
etc.,  are  calculated,  and  from  them  the  angles  X,  Y,  etc.,  themselves  aro 
obtained : 

tan  4(X+  Z)  =  cot  M  .  '^*^'^~''}. 
"^  '  cos  Ko-  +  ») 

tan  i(X-  Z)  =  cot  i4 .  ""g"--") 


■  COB  i(T  +  «■)' 


,  Google 
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00»Z  +  VX  X  omA 


sin  JT  Bin  C 

ooe 

X+aoa 

Tc^mG 

sinTa 

mC 

' 

COS 

X  +  COB 

Zoos 

A 

KuZanA 

' 

ain  JCfanA 

■ 

COB 

Z+ix»  Feo8 

B 

BID  TBinB 

coe 

r+coeZcos 

B 

BinZBiu^ 

' 

Fnrdier,  Bin  X :  Bin  Y  =  am  p  i  an  /*. 

sin  7*:  iin  Z  =  Bin  T  :  gin  «-. 
BID  ZiaaX  =  ianv:  sin  V. 

The  foUowinx  eqn&tionB  give  the  relationB  of  the  angles  f*,p,p,eiu.    to 
the  axes  and  axial  angles : 

a  «n  j8  .  o  Bin  jS 

tan  u  = '-—x ;    tan  v  = =—-;;. 

■^      0  — acosp  a  — ccosp 

d  Bin  a  .  0  Bin  a 


«"c  =  ; 


-  «  COS  a 


a  un  V  .  }  SID  > 

T=j 1 — ;     tan<r=  , — i— 

0  —  a  COB  7 '  a  —  0  COS  < 


tan  .       , 

•■    -O  COB  7 

Abo,  Bin  T  :  ain  o-  =  d :  I, 

an  piaav  =  i:i, 

For  any  fonn  »B-ft, 

m-»A«  =  180»—  T;  «»-»A»-{  =  180°— X;  m-»A  (9  =  ISO*— 2. 

For  a  TBrtdcal  hemiprism,  X+  Y+0=  180°, 

d  :  3  =  sin  F .  sin  a  :  sin  X :  sin  /9. 

For  a  macrodiagonal  hemidoma,  Y+  Z  +  B  =  180°, 

d  :  <$  =  sin  7* .  sin  a  :  sin  Z .  sin  7. 

For  a  braohjdiagonal  hemidome,  X+Z  +^  =  180°, 

2  :  4$  =  Bin  X  Bin  y9  ;  Bin  Z  Bin  7. 

By  writing  mo  for  0,  »$  for  b,  etc,  these  formnlas  will  answer  also  for 
the  determination  of  m  and  n.  It  ia  supposed  in  the  above  that  the 
nieasared  edge  is  parallel  to  the  axis  of  the  given  heiuiprism,  etc. ;  when 
thia  is  not  tlie  case  the  relations  are  a  little  less  simple. 
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Measubevent  of  thb  Angles  of  Qktbtals.* 

The  angles  of  crjBtala  am  measured  b;  means  of  inBtiiimeots  which  aie 
called  goniometers. 

The  Bimpleet  form  of  these  instruments  ia  the  hand-goniometei*,  repre- 
BeDtad  in  f.  260.    It  consists  of  an  arc,  graduated  to  h^ degrees,  or  finer, 


and  two  movable  arms.  In  the  inatmment  figured,  one  of  the  arms,  ao, 
has  the  motion  forward  and  backward  by  means  of  slits  ffh,  ik ;  the  other 
arm,  cd,  has  also  a  similar  slit,  and  iu  addition  it  turns  around  the  centre  of 
the  arc  as  an  axia.  The  planes  whose  inclination  is  to  be  measured  are 
applied  between  the  arms  ao,  co,  and  the  latter  acMnsted  so  that  tbey  and 
the  surfaces  of  the  planes  are  in  close  contact.  Iiiis  adjustment  must  be 
made  with  care,  and  when  the  instrument  is  held  up  to  the  liebt  none  mast 
pass  through  between  the  arm  and  the  plane.  The  number  of  degrees  read 
off  on  the  arc  between  k  and  the  left  edge  of  d  (this  edge  being  m  the  line 
of  the  centre,  o,  of  the  arc)  is  the  angle  I'equired.  The  motion  to  and  fro  by 
means  of  the  slits  is  for  the  sake  of  convenience  in  measuring  small  or 
imbedded  crystals.  In  a  mach  better  form  of  the  instrument  the  arms  are 
wholly  separated  from  the  arc ;  and  the  arc  is  a  delicately  graduated  circle 
to  which  the  arms  are  adjusted  after  the  measurement. 

The  hand-goniometer  is  nseful  in  the  case  of  large  eryatals,  and  those 
whose  faces  are  not  well  polished  ;  the  measnrementa  with  it,  however,  are 
aeldom  within  a  quarter  of  a  degree  of  accuracy.  In  the  finest  specimens 
of  crystals,  where  the  planes  are  smooth  and  lustrous,  results  far  more 
accurate  may  be  obtained  by  means  of  a  different  instrument,  called  the 
reflecting  goniometer. 

Befiecting  Goniometer. — This  instrument  was  devised  by  Wollaston,  in 
1609,  but  it  has  been  much  improved  in  its  varions  parts  since  his  time, 
especially  by  Mitscherlieh.  The  principle  on  which  it  is  constructed  may 
bo  nnderstood  by  reference  to  the  following  figure  (f.  26i),  which  repre- 
•nnts  a  crystal,  whose  angle,  abe,  is  reqnired. 

The  eye  at  P,  looking  at  the  face  o£  the  crystal,  5o,  observes  a  reflected 

*  See  aL»  SupplemsDUU?  Chapter,  pp.  US  et  seq. 
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image  ol  m,  in  the  direction  of  Pn.     The  crystal  may  now  be  bo  chanfi^ed  in 

its  position,  that  the  same  image  is  seen  rejected  by 

Mt  the  next  face  and  in   the   same   direction,   Pn.     Ixj 

4         ^    effect  this,  the  crystal  ninst    be   tamed  around,  until 

•*\^^    /     j,^^    ^^  ^^  ^^  present  direction  of  he.    The  angle  t^^ 

^j)^/^  measnres,  therefore,  the  number  of  decreed  tlirough 

Jjtj^f  which  the  crystal  mnst  be  tnmed.     But  She,  subtracted 

'^"^aBm  from   180°,  equals  the  required  angle  of  tlie  crystal, 

tJ)c.    The  crystal  is,  therefore,  passed  in  its  revolution 

throngh  an  angle  which  is  the  supplement  of  the  required  angle.    This 


angle  evidently  may  be  measured  by  attaching  the  crystal  to  a  gradnatod 
circle,  which  should  turn  with  the  crystal. 

The  accompanying  cut  (f.  362)  represents  a  reflecting  goniometer  made 
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by  Oertling,  in  Berlin.  It  will  eaffice  to  make  clear  the  general  character 
of  the  inBtrument,  as  well  as  to  exhibit  Bome  of  the  ratiuoment£  added  foi 
the  sako  of  greater  exactneas. 

The  circle,  O,  is  j;radnated,  in  this  case,  to  twenty  minntes,  and  by  meana 
of  the  vernier  at  v  the  readinga  may  be  made  to  minutes  and  lialf  inin- 
Qtee.  The  crystal  is  attached  by  means  of  wax  to  the  httie  plate  at  k ; 
this  may  be  removed  for  convenience,  bnt  in  its  final  position  it  is,  as  here, 
at  the  extremity  of  the  axis  of  the  instrnment.  This  axis  is  moved  by 
means  of  the  wheel,  n ;  the  graduated  circle  is  moved  by  the  wheel,  ?n. 
These  motions  are  so  arranged  that  the  motion  of  n  is  independent,  its  axis 
being  within  the  other,  while  on  the  other  hand  the  revolution  of  m  moves 
both  the  circle  and  tlie  axis  to  which  the  crystal  is  attached.  This  ar- 
rangement IB  essential  for  convenience  in  the  use  of  the  instrament,  as 
villbe  seen  in  the  course  of  tlie  following  explanation. 

The  screws,  e,  d,  are  for  the  adjustment  of  the  crystal,  and  the  slides, 
a,  J,  serve  to  centre  it. 

The  method  of  procedure  is  briefly  as  follows :  The  crystal  is  attached 
by  means  of  suitable  wax  at  k,  and  adjasted  so  that  the  direction  of  the 
com  hi  nation -edge  of  the  two  planes  to  be  measured  coincides  with  the  axis 
of  the  instrnment ;  the  wheel,  n,  is  turned  until  an  object  {e.ff.,  a  window- 
bar)  reflected  in  one  plane  is  seen  to  coincide  with  another  object  not 
reflected  {e.ff.,  a  chalk  line  on  the  floor),  the  position  of  the  graduated  circle 
IB  ohsorved,  and  then  both  crystal  and  circle  revolved  together  by  means 
of  the  wheel,  »i,  till  the  same  reflected  object  now  seen  in  the  second  plane 
^ain  coincides  with  the  fixed  object  (that  is,  the  chalk  line) ;  the  angle 
through  jwhich  the  circle  has  been  moved,  as  read  ofF  by  means  of  tna 
vernier,  is  the  supplement  angle  between  the  two  planes. 

In  oi-der  to  secni-e  accuracy,  several  conditions  must  be  fulfilled,  of 
which  the  following  are  tlie  most  important: 

1.  The  position  of  the  eye  of  the  observer  ranat  remain  perfectly 
stationary. 

2.  The  object  reflected  and  that  with  which  it  is  bronght  in  coincidence, 
should  be  at  an  equal  distance  from  the  instrument,  and  tills  distance 
■Itould  ni  it  be  too  small. 

3.  The  crystal  must  \tQ  accurately  adjusted;  this  is  so  when  the  line 
•ecu  reflected  in  the  case  of  each  plane  and  that  seen  directly  with  which 
it  is  in  coincidence  are  horizontal  and  parallel.  It  can  be  true  only  when 
the  intersection  edge  of  the  two  planes  measured  is  exactly  in  tlie  direction 
of  the  axis  of  tlie  instruraent,  and  perpendicular  to  the  plane  of  the  circle. 

4.  The  crystal  must  be  centered  as  nearly  as  possible,  or,  in  other  words, 
the  same  intersection -edge  must  coincide  with  a  line  drawn  through  the  ro- 
ijolving  axis.  This  condition  will  bo  seen  to  be  distinct  from  the  preced- 
ing, ^li''ch  reqiured  only  that  the  two  directions  should  be  the  same.  The 
error  arising  when  this  condition  is  not  satisfied  diminishes  as  the  object 
nflectctl  is  removed  farther  from  the  instrument,  and  becomes  zero  if  the 
object  is  at  an  infinite  distance. 

The  fitflt  and  second  conditions  are  both  Batisfactorily  fulfilled  by 
the  n«e  of  a  telescope,  as  t,  f.  262,  with  slight  magnifying  power.  Thii 
is  arranged  for  parallel  light,  and  provided  with  spider  linefl  in  its 
focDB.      It  admits  also  of  some  adjostmenta,  as  seen  la  the  figure,  bat 
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when  need  it  mnet  be  directed  exactly  toward  tlte  axis  of  the  gonioDHAor, 
This  telescope  has  also  a  little  magnifying  glass  {g,  f.  262)  attached  to  it, 
wliich  allows  of  t^o  crrstal  itself  being  seen  when  monnted  at  k.  This 
latter  is  used  for  the  nrst  adiostments  of  both  planes,  and  then  slipped 
aside,  wlien  some  distant  object  which  has  been  selected  must  be  seen 
ill  the  field  of  the  telescope  as  reflected,  first  by  the  one  plane  and 
then  by  the  other  as  the  wheel  n  is  revolved.  When  the  final  aajustments 
have  been  made  so  tliat  in  each  case  the  object  coincides  with  the  centre  of 
the  Bpider-crose  of  the  telescope,  and  when  further  the  edge  to  be  measured 
liaa  been  centered,  the  crystal  is  ready  for  measurement. 

This  telescope,  obviously,  can  be  used  only  when  the  plane  is  smooth  and 
laraje  enough  to  give  distinct  and  brilliant  reflections.  In  many  cases 
aumcient  accuracy  is  obtained  without  it  by  the  use  of  a  window-bar  and 
a  white  chalk  line  on  the  floor  below  for  the  two  objects ;  the  instmment  in 
this  case  is  placed  at  the  opposite  end  of  the  room,  with  its  axis  parallel  to 
the  window  ;  the  eye  ie  brought  very  close  to  the  crystal  and  held  motionless 
during  the  measurement. 

The  best  instruments  are  provided  with  two  telescopes.  The  second 
stands  opposite  the  telescope,  t  (see  figure),  the  centres  of  both  telescopes 
being  in  tlie  same  plane  perpendicoiar  to  the  axis  of  tlie  instrumeDt. 
This  second  telescope  has  also  a  hair  cross  in  the  focus,  and  this,  when 
illuminated  by  a  brilliant  gas  burner  (the  rest  of  the  instrument  being 
protected  from  the  light  by  a  sci-een)  will  be  reflected  in  the  successive 
faces  of  the  crystal.  The  reflected  cross  is  brought  in  coincidence  with  the 
cross  in  the  first  telescope,  firat  for  one  and  then  for  the  other  plane.  Aa 
the  lines  are  delicate,  and  as  exact  coincidence  can  taka  place  only 
after  perfect  adjustment,  it  is  evident  that  a  high  degree  of  accuracy  is 
possible. 

Still  more  than  before,  however,  are  well-poliahed  crystals  required,  bo 
that  in  the  majority  of  cases  the  use  of  the  ordinary  double  telescopes  is 
impossible.  V  ery  often,  however,  the  second  telescope  may  bo  advantage- 
ously replaced  by  another  having  an  adjustable  slit  in  its  focus,  as  proposed 
by  Websky,  allowing  of  being  made  as  narrow  as  is  convenient ;  or,  as  sug- 
gested by  Schraiif,  the  spioer-lines  of  the  second  telescope  may  be  re- 
placed by  a  piece  of  tin-foil,  in  which  two  fine  Aoea  lines  have  been  cut; 
these  are  illuminated  by  a  gas-burner.  By  these  methods  the  reflected 
object  is  a  bright  line  or  cross,  instead  of  the  dark  spider-lines,  and  it  is 
visible  in  the  first  telescope  even  when  the  planes  are  extremely  minute, 
or,  on  the  other  hand,  somewhat  rough  and  uneven  ;  the  image  is  naturally 
not  perfectly  distinct,  bat  sufiicientl}'  so  to  admit  of  good  measurementa 
(tf.ff.,  within  two  or  three  minutes). 

The  third  and  fourth  conditions  are  the  most  difficult  to  fulfil  absolutely. 
In  the  cheaper  instruments  the  contrivance  to  accomplish  the  end  often 
consists  of  a  jointed  ann  so  placed  as  to  have  two  independent  motions  at 
right  angles  to  each  other.  In  the  best  instruments  the  greatest  care  and 
attention  is  paid  to  this  point,  and  a  great  variety  of  ingenious  contrivances 
have  been  devised  to  overcome  the  various  practical  diincu\tie4  arising. 

The  cut  (f.  262)  shows  one  of  these  iu  ita  simpler  form  The  crystal  ii 
approximately  adjusted  by  the  hand,  and  then  the  operation  completed  by 
pieans  of  the  eorews  o  and  d.    These  give  two  motions  at  right  angles  to 
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esch  other,  and  the  arrsngemBiit  is  Bnch  that  the  motions  are  made  on  the 
Borince  of  a  spherical  segment  of  which  the  crystal  itself  occupies  the 
centre,  so  that  it  is  not  thrown  entirely  out  of  tbe  axis  of  the  iastroinent 
by  the  motions  of  the  screws.  The  adjustment  having  been  accnrately 
made,  the  edge  is  cerU^ed  by  means  of  two  sliding  carnages,  a,  S,  moving 
at  right  angles  to  each  other ;  hero  they  are  moved  by  hand,  but  in  better 
instrnments  by  line  screws.  The  edge  most  be  first  centered  as  carefully  aa 
practicable,  then  the  complete  adjostments  made,  and  finally  again  centered, 
as  before,  to  remove  the  ext^ntricity  caused  by  the  movement  of  the  ad- 
justment screws.  The  successful  use  of  the  most  elaborate  instraments  is 
only  to  be  attained  after  mach  patient  practice. 

Theoretical  discussions  of  the  various  errors  arising  in  measurements  and 
the  weight  to  be  attached  to  tliem  have  been  given  by  Knppfer  (Preis- 
eehrift  Uber  genaue  Measung  der  Winkel  an  Krystallen,  1825),  also  by 
Nanmann,  Q^railich,  Schrauf,  and  others  (see  literature,  p.  iv). 

It  has  been  stated  that  when  the  two  planes  have  been  adjusted  in  the 
eoniometer  so  that  their  combination-edge  is  parallel  to  the  axis  of  the 
instrument,  the  reflections  given  by  them  will  be  parallel.  It  Is  evident 
from  this  that  any  other  planes  on  the  crystal  which  aie  in  tlie  same  zone 
with  the  two  mentioned  planes  will  also  give,  as  the  circle  is  revolved, 
refiections  parallel  to  these.  This  means  gives  the  test  referred  to  on 
p.  53,  leading  on  the  one  hand  to  the  discovery  of  zones  not  indicated  by 
parallel  intersections,  and  on  the  other  hand  showing,  in  regard  t0  8appo«>ed 
jGonea,  whether  they  are  so  in  fact  or  not. 

The  degree  of  aoonnoj  uiil  oonstenoy  in  the  uiglei  of  orystolfl  aa  the;  are  given  tqr  natoM 
h  HI  impOTtant  sabjeot.  OryBtaUofrraph?  u  a  aclanoe  li  baaed  upon  the  aasnmptiou  Uiat  Uie 
ftvnu  mjide  bj  nataie  are  perfeotty  aoonrate,  and  whenerei  ezoot  meamiementa  are  posHlble, 
■uppoeliiK  the  otTRAls  to  have  beeo  free  trom  disturbing  inflaenoea,  it  haa  been  found  that 
tU>  aomimption  ia  warranted  hj  the  facta ;  in  other  words,  t^e  moie  aooarate  the  measure- 
menta  thu  mon  oloselj  do  the  angles  obtained  agree  with  thoae  required  bj  thsoiy.  An 
euunide  may  illnatiate  tJiis :— On  a  ciystal  of  sphalerite  (dno-blende),  from  the  Binnenthal. 
ezaot  mMauKmenta  were  made  by  Koksohaiow  to  test  the  point  in  question.  He  found  for 
the  ngle  of  the  tetrabedron  70'  SI'  48',  neqnired  70'  81'  44' ;  for  the  ootahedral  angle 
100*  in'  4&',  leqnired  109°  28'  IB' ;  and  for  the  angle  between  Uie  tebnhedrou  and  cube 
12S*  15'  53',  required  133°  IC  63'.  The  orystollograpMc  works  of  the  some  antlioc,  aa  well 
u  those  of  many  other  worken  in  the  aaniB  field,  oontain  many  illnstratioQs  on  the  same 
nbJDot.  kt  the  aame  time  Tarlations  in  an^le  do  ocoosioually  oocur,  from  a  change  in 
ohemical  compotitlon,  and  from  various  distuibing  oausea,  such  as  heat  and  pressure  (see 
farther,  p.  lOT).  Further  than  this,  it  is  aalversally  tme  that  ezaot  meaaurementfl  ate  in 
oompara^vely  few  oaaea  possible.  Hany  oiyBtals  ore  laijfo  and  rough,  aod  admit  of  onlj 
^tpnndmate  results  with  the  hand  goniometer;  others  have  faoea  which  are  mora  or  leaa 
pollahed,  bnt  which  give  nuoertain  reSactions.  This  is  dne  in  some  oases  to  striatlons,  In 
tkbva  to  the  fact  thai  tlie  surfaces  are  curved  <sr  more  or  leas  covered  with  markingB  oi 
otohlnga,  like  those  common  on  the  pyramidal  planes  of  quarts.  In  all  such  ohms  there  is  • 
gieatei  or  leas  diaorepancy  between  the  meaanred  and  oalcnlated  angles. 

The  importMit  point  to  be  notod  always  is  the  degree  of  aoourscy  attainabl-',  or,  in  otber 
words,  the  probable  error.  The  true  result  to  be  aooepted  Is  always  to  be  obtained  by  the 
diaottssioo  of  all  the  nieaearements  in  aooordauoe  with  the  methods  of  least  squareo.  Thii 
vethod  involTes  considerable  labor,  and  in  most  oases  it  la  anffioient  to  take  the  arithmetical 
Tsn,  not^  what  degree  of  weight  is  to  be  attached  to  each  measurement.  It  is  to  be  noted 
that  where  meaiorementa  vary  largely  the  probable  error  In  the  mean  aooepted  will  be  oon- 
riderable ;  moreovei  m  approximate  measuremeat  may  not  b«  the  more  aconrate  lieoanse  U 
lammu  to  agree  olouly  with  the  theoretioal  angle. 

Vat  Oie  determliuition  of  the  ^mbolt  of  ^aaea,  meMorement  aoonrata  within  80',  ot  vnm 
1°,  are  gamaially  snlBalnt. 

WbeD  pUneri  an  nm^  and  dntltut*  of  Inate*  the  uglea  oan  bert  be  oMoiaad  wttfa  Utt 

r,.iii,-j"-;.  V-  it.n.i>,;iC 
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refleolins  goniometer,  the  TaflectJona  of  tbe  I^ht  bom  an  otjeot  like  ■  aandlo-flune,  bsbi| 
tulceii  in  place  of  mora  distinct  imagoa; 

For  imbedded  ctTStals,  &itd  often  in  oUist  cases,  measnTements  ma;  be  veij  adranta^ 
onisl;  made  bom  tmpre(«ioiu  in  some  material,  lil;e  ieoUng-wuc.  Ang-les  thos  obtained  ought 
to  be  accnrate  within  one  degree,  and  Hoffioe  foi  man;  porposee.  It  la  sometimei  of  adrall- 
Inge  to  attach  to  the  pUnea  to  be  maBSoied,  when  quite  rongh,  fragmentx  of  thin  ^ua,  from 
whi<dirafloi<.Uonaoan  be  obtained;  this  maat,  howeTei,  be  done  with  caie,  to  aToid  oonaidei- 
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Twin  obtstala  are  thoee  in  whicti  one  or  more  parte  regularly  arrranged 
are  in  reverse  position  with  reference  to  the  other  part  or  parts.  Tney 
often  appear  ezternallj  to  consist  of  two  or  more  crystals  symmetrically 
nnited,  and  sometimes  nave  the  form  of  a  croas  or  star.  They  also  exhibit 
the  corapoeition  in  the  reversed  arrangement  of  part  of  the  planes,  in  tlie 
BtrisB  of  the  anrface,  and  in  re-entering  unfiles ;  in  other  cases  the  compound  * 
etnictnre  is  detected  only  by  polarized  light  The  following  fignres  are 
examples  of  the  simpler  kinda.     Fig.  363  ia  a  twinned  octahedron  with 


re-entering  angles.  Fig.  263a  represents  the  regnlar  octahedron  divided 
into  two  halves  by  a  plane  parallel  to  an  octahedral  face ;  the  revolving  of 
the  upper  half  aroimd  ISO"  produces  the  twinned  form.  Fig.  264  consists 
of  a  sqnare  prism,  witli  pyramidal  terminations,  twinned  parallel  to  s 
diagonal  plane  between  opposite  solid  angles,  as  illnetrated  in  f.  264a, 
a  repi'esentation  of  the  simple  form.  A  revolntion  of  one  of  the  two 
hs!ves  of  f.  264a  180°  about  an  axis  at  right  angles  to  the  diagonal  plane 
outlined  in  the  Sgnre,  would  produce  the  form  in  Gs.  264. 

Crvstals  which  occnpy  parallel  positions  with  reference  to  each  other, 
that  IS,  those  whose  similai'  axes  and  planes  are  parallel,  ara  not  properly 
called  twius  ;  the  term  is  applied  only  where  the  crystals  are  united  in  their 
reversed  position  in  accordance  with  some  dednciblc  mathematical  law.  In 
conceiving  of  them  we  imagine  first  the  two  individuals  or  jiortions  of  the 
■ame  individnal  to  be  in  a  parallel  position,  and  then  a  revolntion  of  180° 
to  take  place  alx)nt  a  certain  line,  as  axis,  which  will  bring  them  into  the 
twinning  poeiUon. 

An  exception  to  Qie  princiiile  in  regaid  to  panllel  axei  la  aSocded  in  the  oaM  of  hemib^ 
dTalciyatak.  in  tome  of  whloh  aniToIationof  180°has  theeflectot  piodooingBitBpiMnnlti 
bolobednd  form,  the  axes  of  (he  parts  nrolved  remaining  panlleL 
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In  •omo  OMM  (fi-lf..  hexagtmal  torma),  Brarolntion.  of  S0°  woald  prodneo  tba  Iwinued 
tons,  bat  in  truting'  oF  the  Babjeot  it  is  better  to  nuke  the  Qmfoim  asanmptioii  of  a  TeToln- 
lion  of  itfll'i  which  will  anairec  in  all  oasea 

It  is  cot  to  ho  supposed  that  tffini  bare  aotnolly  been  formed  bj  mob  a  Tevalntion  of  the 
paitd  of  cr;atalB.  foi  the  twin  is  Uia  resolt  of  regular  moleoalar  growth  or  enlargement,  like 
that  at  the  simple  ocjttaL  This  reference  to  a  renolution,  and  an  aait  of  revolulion,  U  onl; 
a  conienient  means  of  describing  the  forms.  But  while  this  is  trae,  it  is  important  to  ob- 
■erre  ttiat  the  law  dedaoed  to  explain  the  twinning  of  a  dyatal  Iibtb,  from  a  moleonlar 
•Undpoint,  a  real  eiistenoe.  The  measaremeals  of  Sohniaf  on  twin*  of  oeronite  (Tsoh. 
Uln.  Hltth.,  1873,  309)  show  the  complete  ooireapondence  between  the  aot^ial  angles  and 
tlsoM  ie<iaii«d  in  aocordanoe  with  the  law  of  twiuiung. 

Twinning  axia. — The  line  or  axis  aboat  which  the  revolution  of  180°  in 
luppoeed  to  ttike  place  is  called  the  twiDning-axis  (Zwillingsaxe,  Cferm.), 
or  axis  of  revolution. 

The  follo^ving  law  has  been  dednced  in  regard  to  this  axis,  upon  which 
the  theory  of  the  whole  subject  depends : 

The  twinning  axis  is  always  a  possible  crjstallographic  line,  usually 
either  au  axis  or  a  normal  to  some  possible  crystalline  plaJte. 

Twinnitig-plane. — The  plane  normal  to  the  axis  of  revolution  is  called 
the  twinniiig-plane  (ZwillingsSacbe,  Gei'm.),  The  axis  aTid  plane  of  twin- 
ning bear  the  same  relation  to  both  individuals  in  thetr  re\'er&ed  position  ; 
consequeutly  (except  in  some  of  hemihedral  and  tricliuiu  forms)  the  twin- 
ned crystals  are  symmetrical  with  reference  to  the  twinning-plane. 

Compoaition-plane. — The  plane  by  which  the  reversed  crystals  are  united 
is  the  cojnpositwnrplane  or  -Jiiae  (Zusammeiiaetzungsfiache,  Oerm.,).  Thia 
and  the  twinning-plaue  very  commonly  coincide ;  tliis  is  true  of  the  simple 
axamples  given  above  (f.  263,  264)  whore  the  plane  about  which  the  revolu- 
tion is  conceived  as  having  taken  place  (normal  to  the  twinning  axis),  and 
the  plane  by  which  the  semi-individuals  are  united,  are  identical.  When 
not  coinciding  the  two  planes  are  generally  at  right  angles  to  each  other, 
that  is,  the  coinpoeitioii  face  is  parallel  to  the  axis  of  revolution.  Examples 
of  this  are  given  beyond  (p.  99).  Still  again,  where  the  cfystala  are  not 
regularly  developed,  and  where  they  interpenetrate,  and,  as  it  were,  exer- 
cise a  diatiirbing  influence  upon  each  other,  the  contact  surface  may  be 
interrupted,  or  may  be  exceedingly  irregular.  In  such  cases  the  axis  and 
plane  of  twinning  have,  as  always,  a  detinite  position,  but  the  composition- 
face  has  lost  its  signidcance. 

Tlias  in    quartz    the  interpenetrating  parts   have  *8B 

often  no  rectilinear  boundary,  but  mingle  in  the  most 
irregular  manner  tliroughout  the  mass,  and  showing 
this  composite  irregularity  by  abrupt  variations  of  the 
planes  at  the  surface.  Fig.  265  exhibits  by  its  shaded 
part  the  parts  of  the  plane  —  1  that  appear  over  the 
surface  of  the  plane  li,  owing  to  the  interior  composi- 
tion. This  internal  structure  of  quartz,  found  in  almost 
all  quartz  crystals,  even  the  common  kinds,  is  well 
brought  out  Uy  means  of  polarized  light ;  also,  by 
etching  with  hydrofluoric  acid,  the  plane  —  1  and  S 
bocoming  etched  unequally  on  the  same  amount  of 
exposure  to  the  acid. 

The  twiiming-plane  in,  with  rare  exceptions,  a  pos- 
sible oconrring  plane  on  the  given  species, 'and  nanally  one  of  tho  mor« 


90  OBTBrALLOGBAraT. 

fpeqnenf  or  fundamental  planes.  The  exceptionB  occur  only  in  the  triclinic 
and  monoclinic  BjBtems,  where  the  twinoing  axis  is  aometiraee  one  of  tUs 
oblique  ervBtallc^rapbic  axes,  and  then  the  plane  of  twinning  normal  to  it 
ie  obviously  not  ueueeearity  a  cryBtallograpluu  plane,  this  is  couspicuoue  in 
albite.  In  these  caees  the  uonrpoeition-face  is  often  of  more  eignificance 
Uian  the  twinnlng-plaue,  the  former  being  distinct  and  parallel  to  the 
axia,  in  accordance  with  uie  principle  stated  above. 


One  further  principle  ia  of  theoretical  importance  in  the  mathematical 
explanation  of  the  forma.  The  twinning  azia  may,  in  many  casee,  be  ex- 
changed for  another  line  at  right  angles  with  it,  a  revolution  abont  which 
will  also  aatiafy  the  conditions  of  prcSucing  the  required  form.  An  exam- 
ple of  this  is  famished  by  f.  318,  of  orthoclaee ;  the  compofiition-face  is 
parallel  to  i-i,  the  axia  of  revolution  also  parallel  to  thia  plane,  and  (a)  nor- 
mal to  i~i,  which  ia  then  conaequently  the  twinning-plane,  though  the  axis 
doea  not  coincide  with  the  cryatallographic  axis,  or  (6)  it  may  c;oincide  with 
the  vertical  axis,  and  then  tne  twinning-plane  normal  to  it  is  not  a  crys- 
tallograpliic  plane.  In  other  aimpler  cases  also,  the  same  principle  holds 
good,  generally  in  consequence  of  the  poesible  mutual  interchange  of  the 
planes  of  twinning  and  composition.  In  most  cases  the  true  twinning-plane 
ifl  evident,  since  it  is  parallel  to  some  plane  on  the  crystal  of  simple  mathe- 
matical ratio. 

An  interesting  ezMopla  ot  the  above  principle  la  fnniiahed  b;  the  ipeciOB  ataimdito. 
Figf.  807,  p.  88,  ehowB  a  prlsmntio  twin  oboeTved  b;  the  author  unonK  atyvMs  from  Fannin 
Oo.,  Qa.  The  deamiTed  angle  foi  i-i  A  >  t'  wm  70°  80' ;  the  twinning-aziB  deduced  ftom 
thia  m»j  b«  the  normal  to  the  plane  i^,  which  woold  then  be  the  twinnisg-plane.  Instead 
of  thia  axia,  ita  oomplementarr  azia  at  right  anglea  to  it  ma;  be  taken,  which  will  equal); 
w^  ptodace  the  observed  form.  Sow  in  thii  speciei  it  happens  that  the  planes  ^3  and  i-] 
(over  t'-i)  aie  almost  exactl;  at  right  angles  (90'  8')  with  each  other,  and  hence,  aocotditig  to 
thia  latter  aapposltion,  i-&  beoomea  tbe  twinn  ng-plane,  and  the  axia  of  rerolntion  is  normal 
to  it  Hence,  either  >-T  or  i-3  ma;  be  Uia  twinning-plane,  Ntber  eoppaeition  agreeB  olcaelj 
with  the  measnred  angle,  which  could  not  be  obtained  with  great  aocotao;.  The  former 
method  of  twinning  (i-j)  oonfoima  to  the  other  twins  observed  on  the  apenee,  and  henoe  it 
may  be  acoepted.  What  is  true  in  this  case,  however,  is  not  always  true,  for  it  vrfll  seldom 
happen  that  ot  the  two  complementar;  axes  each  is  so  neatlj' nomia]  to  a  plane  of  the  czjatti. 
In  most  oases  one  of  the  two  axes  oontorma  to  the  law  in  being  a  norm^  to  a  poaaible  plane, 
and  the  other  does  not,  tu>d  henoe  Uiere  is  no  donbt  as  to  which  is  the  true  twinning  axia. 

Gontad-twins  and  Penetrationrtwins. — In  contact-twins,  when  normally 
formed, the  two  halves  are  simply  connate,  being  united  to  cacli  other  by 
tbe  composition-face ;  this  is  illustrated  by  f.  263,  264.  In  actually  occur- 
ring crystals  the  two  parts  are  seldom  symmetrical,  as  demanded  by  theory, 
but  one  may  preponderate  to  a  greater  or  leas  extent  over  the  other ;  in 
some  cases  only  a  small  portion  of  the  second  individual  iii  the  reversed 
position  may  exiat.  Very  great  irregularities  are  observed  in  nature  in  thii 
respect.  Moreover,  the  re-entering  angles  are  often  obliterated  by  the  al^ 
lomml  developments  of  ouo  *or  other  of  the  parts,  and  often  only  an  india- 

n  .J  ii/j'- ■;■-  V-  it.n.i>,;n^ 
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tinct  line  on  some  of  the  faces  marks  the  division  between  the  twc 
indiridaals. 

PeTietration-ttoina  are  those  in  which  two  or  more  complete  crystaU 
interpenetrate,  as  it  were  croseiu?  throngh  each  other.  Normally,  the 
CTyBtak  have  a  comrnqn  centre,  which  is  the  centre  of  the  axial  system  fo' 
both;  practically,  however,  as  in  contact-twine,  great  irregularities  occar. 

Examples  of  these  twine  are 

fven  in    the  annexed    figures,  398  >W 

266,  of  fluorite,  and  f.  367,  of 
hematite.  Other  examples  occur 
in  the  pages  following,  as,  for 
instance,  of  the  epeciee  etanrolite, 
f .  309  to  312,  the  cryetals  of  which 
Bometimea  occnr  in  nature  with 
almost  the  perfect  aymraetry  de- 
manded by  theory.     It  is  obvi- 

ons  that  the  distinction  between  n,     ■..  .r      ^^ 

.     .        J  i    i-       ..    •       •  Flttonte.  Hematite, 

contact  and  penetration-twine  is 

not  a  very  important  one,  and  the  line  cannot  always  be  clearly  drawr. 

between  tiiem. 

Paragenio  and  Metogenio  twine. — Tlie  distinction  of  paragenic  and 
met^enic  twins  belongs  rather  to  crysrAllogeny  than  crystallography.  Yet 
the  nirms  are  often  so  obviously  distinct  that  a  brief  notice  of  the  dis- 
tinction is  important. 

In  ordinary  twins,  the  componnd  structure  had  its  beginning  in  a  nucleal 
compound  molecule,  or  waa  componnd  in  its  very  origin ;  and  whatever 
inequalities  in  the  result,  these  are  only  irregularities  in  the  development 
from  such  a  nacleos.  But  in  others,  the  crystal  was  at  first  simple ;  and 
afterwards,  through  some  change  in  itself  or  in  the  condition  of  the  mate- 
rial supplied  for  its  increase,  received  new  layers,  or  a  continuation,  in  a 
reversed  position.  Tliis  mode  of  twinning  ja  metagenic,  or  a  result  subse- 
quent to  the  origin  of  the  crystal ;  while  the  ordinary 
mode  is  paragenie.  One  form  of  it  is  illustrated  in 
f.  26S.  The  middle  portion  had  attained  a  length 
of  half  an  inch  or  more,  and  then  became  genicn- 
lated  simultaneously  at  either  estrcmitv.  These 
geniculationa  are  often  repeated  in  rutile,  and  the 
ends  of  the  crystal  are  thus  bent  into  one  another,  and 
occasionally  produce  nearly  regular  prismatic  forms. 

This  metagenic  twinning  is  sometimes  presented 
by  the  successive  layers  m  deposition  in  a  crystal, 
as  in  some  quartz  crystals,  especially  amethyst,  the 
inseparable  layers,  exceedingly  thin,  being  of  oppo- 
site kinds.  So  calcite  crystals  are  sometimes  made 
up  of  twinned  layers,  which  are  due  to  an  oscillatory 
process  of  twinning  attending  the  progress  of  the 
crystal  In  a  similar  maimer,  crystals  of  the  triclintc  feldspars,  albite, 
etc.,  arc  often  made  op  of  thin  plates  parallel  to  i-l,  by  oscillatory  compo- 
nition,  and  the  face  O,  accordingly,  is  finely  striated  parallel  to  the  ease 
Ohirt 
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Jiepealed  twinning. — In  the  preeedinjf  paragraph  one  case  of  repeated 
twinning  lias  been  mentioned,  that  of  the  feldspai'S ;  it  is  a  caae  of  j>araSel 
repetition  or  parallel  grouping  of  the  Buccesaive  crystals.  Another  kind  ia 
that  whitih  la  itliistrated  by  f,  295,  297,  311,  where  the  successivelj 
reversed  individuals  are  not  parallel.  In  this  case  the  axes  may,  however, 
lieiaaxone,a3  the  prismatic  twins  of  .aragonite,  or  they  may  be  inclined 
to  each  other,  as  in  f.  311, of  staurolite.  In  all  each  cases  where  the  repeti- 
tion  of  the  twinning  tends  to  pi-oduce  circnlar  forms,  as  f.  281,  of  rntile,  the 
nnmber  of  individuals  is  equal  to  the  number  of  times  the  angle  between 
the  two  axiat  systems  is  contained  in  360°.  For  example,  five-fold  twine 
occur  in  the  tetraliedi-ons  of  gold  and  sphalerite,  since  6  x  70°  32'  (the  tetra- 
hedral  anglel  =  360°  (approx.').  A  compound  crystal,  when  there  are  three 
individuals,  is  called  a  TrUhng  (Drilling,  Oerm,.),  where  there  are  four 
individuals,  a  Fourling  (Vierling,  Oerm.),  ete,     (See  also  on  p.  186.) 

Compound  crystals  in  which  twinning  exists  in  accordance  with  two  laws 
at  once  are  of  rare  occurrence ;  an  excellent  example  is  afforded  by  staoro- 
lite,  f.  312.  They  have  also  been  observed  on  albite  (f.  333),  orthoclaae, 
cbalcocite,  and  in  other  Ices  distinct  cases. 


ExamjUea  of  diferent  methada  of  Tvdnning* 

IsoHETBio  SrsTEM. — With  few  exceptions  the  twins  of  this  system  are  ol 
one  kind,  the  twinning  axis  an  octahedral  axis,  and  the  twinning  plane 
WiaBa(^viai\j  aa  octahedral  plane  ^  in  most  cases  also  the  latter  coincide! 


Qal«nite.  Bphalerlte.  Galenito. 

with  the  composition-face.  Fig.  263  shows  this  kind  as  applied  to  thfl 
simple  octahedron,  it  is  especially  common  withithe  spinel  group  of  min- 
erals ;  similarly,  f.  269,  a  more  complex  form,  and  also,  f,  270,  a  dodeca- 
hedron twinned  ;  all  these  are  contact  twins.  Fig,  271  is  a  penetration 
twin  following  the  same  law  ;  the  twinning  being  repeated,  and  the  form 
flattened  parallel  to  an  octahedral  face.     Fig.  266,  p,  91,  shows  a  twin  oj 

*  A  complete  enamerstlon  of  the  different  methods  of  tiriiming  obserred  ander  tbe  differ- 
■nt  sTiiteiiia.  with  detailed  deacriptjoiu  and  maDy  fi^rea,  wlU  be  found  in  To).  II.  of  Ifiii 
Bndabeok's  Oi7st»Uognphr  (Anfevrandte  KiTitaUngn^ihia,  S84  pp.,  Sn,  BeiUn,  1876). 
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flaorite,  two  intei-penetrating  cnbes :  f .  272  exhibite  a  dodccahedral  tirin 
of  eodalite  occurnn^  in  nature  of  atinoBt  ideal  sjmmetry,  and  f.  273  la  a 
tetrafaedral  twia  of  the  epeciea  tetrahedrite ;  the  same  kw  is  true  for  alL 


Figs.  274,  275,  276,  are  twins  whose  axes  are  parallel ;  these  forms  are 
poesiule  only  with  beiaihedrQl  crystals.  The  twinning  axis  ia  here  a  dode- 
cahedrat  aJAa  and  the  twinning  plane  a  dodeeahed/ral  plane.    The  same 


FrrilA 
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method  of  composition  is  often  seen  in  dendritic  crystallizations  of  native 
gold  and  copper,  in  which  the  angle  of  divergence  of  the  branches  is  60° 
and  120°,  the  interfacial  angles  or  a  dodecahedron.  The  brownish-black 
mineral  in  the  mica  f  i-om  Pennsbnry,  Pa.,  is  magnetite  in  this  form  (f .  277), 
as  first  oliserved  by  G.  J.  Bmah, 

Tetragonal  System. — The  most  common  method  is  that  where  the  twin- 
nine-plane  is  parallel  to  1-i.  It  is  especially  characteristic  of  rutile  and 
casaiterite.  This  is  ilhistrated  in  f.  264  and  similarly  in  f.  278.  Fig.  268 
shows  a  similar  twin  of  rntile,  and  in  f.  231  to  283  the  twinning  according 
to  this  law  is  repeated.  In  f.  281  the  vertical  axes  of  the  successive  six 
individuals  lie  in  a  plane,  and  an  enclosed  circle  is  the  result ;  in  f .  2S3  the 
Buccessive  vertical  axes  form  a  zig-zag  line ;  there  are  here  four  individuals, 
/  r„i,,---:.>..t.>wyiC 
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add  fonr  more  behind,  the  last  (VIII)  nniting  with  the  first  (I),  and  let  it 
be  developed  vertically,  and  the  complex  form  produced  resalts  in  the 
BcalenohcdroD  twin  of  f.  283.    In  chalcopyrite,  the  octahedron  1,  which  i* 


very  near  a  regular  octahedron  in  angle,  m^  be  the  twinning-plane,  and 
forms  are  thus  prodnced  very  similar  to  f.  263.  With  hemihedral  fY>rmfl 
twinning  may  take  place  as  shown  in  f.  280,  where  the  axis  of  revolution 


is  a  diagonal  axis,  and  the  plane  of  twinning  the  prism  I.  It  is  not  alwaya 
indicated  by  a  re-entering  angle,  but  is  sometimes  only  ebown  by  the 
flhliqtie  gtriations  in  two  directions  meeting  in  the  line  of  contact 


Another  mode  of  twinning  is  that  occnrring  in  lencite,  observed  by  voni 
Bath,  who  showed  the  species  to  be  tetragonal.  The  twimiing-plane  is  hem 
2-i     (Jahrb.  Min.,  18T3, 113.) 
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iUXAOOHAL  Stbtkm. — In  the  holohodnl  division  of  ttuB  sjBtem  twins  are 
r»re.  An  example  is  fnrniBbed  by  pyrrhotite,  f.  284,  where  the  twinning- 
plane  ie  the  pyramid  1,  die  vertical  axes  of  ^e  individnal  crystals  being 
nearly  at  right  ai^ea  to  eauh  other  {O  A  1  =  135°  8').  Another  example 
is  trldymite  *  (see  p.  288),  where  the  twinning-plane  is  either  the  pyramid 
lor  J. 


— (® 


In  the  species  of  the  rhombohedral  division  twins  are  nnraeroua;  the 
ordinary  methods  are  the  following :  the  twinning-plane  the  rhomboho- 
dron^,f.285;  the  rhombohedron -2ffi,  f.  288;  the  rhombohedi-on  — J/if, 
f.  2S6.  The  last  mentioned  method  is  common  in  masses  of  calcite,  where  by 
its  freqnent  repetition  it  gives  nse  to  thin  lamellee ;  these  are  observed 
often  in  crystalline  limestones.   (See  p.  173.) 


The  twinning-plane  may  also  be  the  basal  plane,  the  axis  of  revolntion 
Gonseqnently  £e  vertical  axis.  This  is  illustrated  in  f.  287,  a  complex ' 
penetration  twin  of  chabazite,  also  f.  267  (hematite),  and  in  f.  289,290. 
It  is  also  common  with  qaartz,  the  two  crystals  sometimes  distinct,  and 
joined  by  a  pnsmatic  plane,  sometimes  interpenetrating  each  other  very 
irr^nlarly,  as  shown  in  f.  265. 


0.  Tom  Bkth,  FoKK>  Ann.,  a 
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Obthobboubic  Stbteu. — In  the  orthorhombic  eyatom  twins  are  exceed 
iiigly  common,  and  the  variety  of  methods  is  very  great  These  may,  how- 
ever, be  brought  into  two  groups,  according  as  the  twinuiug-plaue  is  (1)  a 
prismatic  plane,  vertical  or  horizontal,  or  (2)  an  octahedral  plane.  The 
twinning  is  very  often  repeated,  and  always  in  accordance  with  the  taw 
already  elated,  that  the  number  of  individuals  is  determined  by  tlie  number 
of  times  that  the  angle  of  the  two  axial  systems  is  contained  Jn  360° 

(a)  Twinning  parallel  to  a  prism  whose  angle  is  approximately  120°. 

1.  PrisTn  vertical. — The  principal  examples  are  aragonite,  T  A  I  ^  116° 
10' ;  cenissite,  7  A  /  =  117"  13' ;  witherite,  lA  I  =  llS"  80' ;  bromlite, 
7  A  7  =  118°  30' ;  chalcocite,  7  A  7  =  119°  35' ;  stephanite,  7  A  7  =  115* 
89';  dyscrasite,  /a  /=  119°  59'.  Fi^.  291,  292,  represent  twins  of  ara- 
gonite  in  accordance  with  this  Ian-,  r  igs.  293,  291,  show  croes-sections  uf 
ue  two  prisms  of  the  preceding  figures,  in  the  latter  the  form  is  hexagonal, 
though  not  regularly  so.    Fig.  295  is  a  cruciform  twin  of  the  same  species. 


/fSKETI 


^Ms^    ^^J/    ^^ 


Angonite. 


Ar»eo)ute. 


2.  Pritm  horizonial  \   that  is,  a  maerodome. — Examples:  arsenopyrite, 
1-i  A  14  =  120°  46' ;  leadhilUte,  1-1 A  14  =  119°  30' ; 
„„  hnmite,  type  L 

3.  Prum  horizontal ;  that  is,  a  brachydoma — 
Examples  :  manganite,  14  A  14  =  122°  50'^  (f.  206); 
chiTSobei^I,  34  A  34  (f.  300)  =120°  13' ;  colmnbito, 
24  A  24  =  117°  20'. 

In  al!  these  cases  there  is  a  strong  tendency  toward 
repetition  of  the  twinning,  by  wbicii  forms  often  stel- 
late, sometimes  appni'entTy  hexagonal,  result.  These 
forma  are  illustrated  in  the  foUoiving  tirrures  :  f.  297 
is  of  witborite ;  f.  29S  a  crystal  of  kadhillite,  in  its 
twinned  form  of  very  rhoinboliedral  aspect.  Figs. 
299  and  300  are  both  chrysoberyi,  where  3-1  is  the 
twinning-plane ;  eix-rayed  twins  are  very  common  iu 
this  species. 

The  genesis  of  these  forms  is  further  illustrated  by  the  following  cross- 


Huipamte. 
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■ectioDS.    J<'is.  301  Bhowe  a  croes-flection  of  a  cemsBite  twin,  and  f.  802  tne 
nf  the  crystal  of  leadhillite  figured  above  (f.  298). 


In  f ,  SOS,  thi-ee  rhombic  priemB,  /,  of  ara^nite,  are  combined  about  their 
acnte  an<^les,  the  dotted  lines  ehowing  the  ontlines  of  the  prieme,  atid  the 
cross  lining  the  direction  of  the  brachydiagonal ;  and  in  f.  304,  four  are 
■*    '         "'     e  similar  pnsois,  1,  are  combined  about  the 


Bimilarlj  united.     In  f.  305,  three  & 


rf*- 


obtuse  angle.  This  twin  combinaticMi  raaj  take  the  form  of  a  hexagonal 
priem,  with  or  without  re-entering  angles  ;  of  a  three-rayed  twin,  like  f. 
801,  and  if  a  jienetration-twin,  of  a  composite  prism,  like  f.  306  (the  nnm- 
boring  of  the  parts  showing  the  relation),  or  a  six-rayed  twin.  In  all  these 
cases  the  etelutte  form  depends  on  the  extension  of  the  individuals  beyond 
tho  normal  limits. 

(h)  Prismatic  angle  approximately  that  of  the  r^nlar  octahedron,  109* 
38 .    An  example  is  furnished  by  the  species  stanroBto  (f.  307),  where  th 
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twtiintng-plane  ia  i^,  and  the  correspondiug  priBraatic  angle  is  109"  14* 
^iver  t-I,  or  70°  46'  over  »'-*)- 
Another  example  is  farnJBheo 
hy  inarcasite,  whose  prismatio 
angle  is  106°  !>'.  The  twins 
are  generally  cumpoiind,  the 
repetition  ^vith  the  twinning- 
plane  aonietimes  parallel, 
eometiines  oblique,  Bee  p.  247 
In  f.  308  tlie  uomponna  erjf*- 
tal  tronBists  of  five  individuals, 
since  five  times  73°  55'  is  ap- 
proximately equal  to  360°. 
((j)  Prisniatio  angle  approximately  90**.  Examplea  are  funiished  by 
bounionite,  /  A  /  =  91°  12',  see  p.  254,  and  Btaurolite.  In  the  latter  case 
the  twinning-plnne  ia  a  brachydome,  J-I,  and  the  angle  is  01°  18' ;  the  form 
is  shomi  in  I,  309,  it  being  that  of  a  nearly  rectangular  cross.  See  also 
philiipsite,  p.  345. 

2.  The  twinning-plane  may  be  also  an  octahedral  plane.  An  excellent 
example  ia  furnished  by  staurolite,  where  the  twinning-plane  is  }-J  (f .  310). 
The  crystals  cross  at  angles  of  nearly  120°  and  60°,  hence  the  form  in  i. 
311,  consiBting  of  three  individuals  (trilling)  forming  a  six-rayed  star.  In 
f.  312  both  this  method  of  twinning  and  that  mentioned  above  ai-e  com- 


bined. There  are  thus  for  the  species  Btaurolite  thi-ee  methods  of  twin- 
ning, parallel  to  i-|,  to  |-t,  and  to  f-|.  If  the  occurring  prism  is  made  t-J, 
then  the  three  twmning-planes  become  I,  1-i^,  1,  or  fundamental  planea,  ai 
ie  usually  true. 

MoNOor.iNio  BTBTEM. — The  following  examples  comprise  the  more  com- 
monly occurring  metliods  of  twinning  in  this  system. 

(a)  TJio  twinning-plane  is  the  orthopinacoid  (i-i).  This  is  true  in  the 
case  of  the  common  twins  of  orthoclase  (f.  318),  called  the  Carlsbad  twint. 
The  axis  of  revolution  is  normal  to  i-i  fsee  also  p.  90),  while  the  tiro 
crystals  are  united  by  the  clinopinacoid,  wnich  is  consequently  the  compo- 
flition-face.  Tliese  twins  may  be  either  right-  or  left-handed  (f.  318  or 
f.  310),  according  as  the  right  or  left  half  of  the  simple  form  (f.  817)  hai 
bucu  revolved. 
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Vlff.  313,  of  pyroxene,  is  another  familiar  example ;  bo  ako  f.  314,  of  which 
f.  815  is  the  simple  form.  Fig.  320  is  a  twia  of  Booleaite,  where  the  twin 
•tractare  in  shown  hy  the  striatioQa  on  the  clinopioacoid. 


^rnxene. 


Ampbibde. 


OrthooIaM, 


SooImUa 


^^ 


A  form  of  penetration-twin,  with  i-i  the  twinning-plane,  is  shown  in 
f.  321  (from  von  Lang).     The  mode  of  combi- 
nation and  cross-penetration  of  the  two  cryBtals 
1,  2,  is  illustrated  in  f.  322;  it  ie  a  medial  section 
<if  f.  321  from  front  to  back, 

(6J  The  twinninff-plane  may  also  be  the 
basal  plane.  This  la  common  with  orthoclase 
(f.  324);  also  with  gypsum  (f.  323).  It  has 
also  been  observed  by  the  author  in  chondro- 
dite,  type  II  and  III,  from  Brewster,  N.  Y.,  see 
X>.  305. 

{o)  Figs.  325,  326,  827  show  another  method 
of  twinning  of  orthoclase  parallel  to  the  clino- 
domo,  2-i.  These  twins  are  peculiar  in  that 
they  form  nearly  rectangular  prisms,  since 
C>A  2-i  =  135"  3f.  They  arc  common  among  the  orthoclase  crystals  from 
Baveno,  and  hence  are  called  Baveno  twins.  This  method  of  twinning  is 
also  common  with  the  amazon-etonc  of  Pike's  Peak. 

The  union  of  four  crystals  of  this  kind  prodnces  the  form  represented  in 
f.  325 ;  and  the  same,  by  penetration,  develops  the  penetration-tvriu  of 
f.  327  (from  v.  Rath),  which  apparently  consists  of  fonr  pairs  of  twins,  but 
may  he  regarded  as  made  by  tne  crosa-penetration  of  the  crystals  of  two 
pairs,  or  of  the  four  of  f.  325. 

Forms  like  f.  325  may  have  one  of  the  fonr  parts  andeveloped  and  eo 
consist  of  three  united  crystals,  and  also  the  other  parts,  as  in  such  con> 
pound  twins  generally,  may  be  very  unequal. 

Twins  corresponding  to  those  of  the  orthorhombic  system,  where  tho 
twinning-plane  is  a  prism  whose  angle  is  nearly  120°,  have  been  observed 
by  vom  Bath  in  hnmite,  types  II  and  III, 

Tbiolinio  ststbh.— In  the  twins  of  the  triclinic  system,  the  three  azoi 
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ma;  be  axes  of  revolation,  in  which  case  the  twitming-platieB  are  not  occniv 
ring  crystal  lographic  planes ;  or,  the  pinacoid  planee  may  be  the  planes  irf 
twinning  and  tiie  normals  to  tbeiu  the  axes  of  revolution.  Some  of  the 
cases  are  illnatrated  in  the  following  figures  of  albite.  In  f.  839  the 
bi-achy  pinacoid  (i-^  is  the  twinning-plane ;  f.  328  ia  the  same,  bat  it  is  a 
peuetration-twin ;  this  is  the  most  common  method  of  twinning  with  this 
species. 


In  f.  332  the  vortical  axis  is  the  twinning-axis.  Fig.  833  (from  Q.  Rose) 
Is  a  double  twin,  the  two  halves  of  whicn  arc  like  f,  328,  but  they  are 
twimied  together  like  f.  332.    It  happens  in  albite  that  the  plane  angleg 


on  i-t,  made  by  the  edges  /A  O  and  /a  1  differ  but  87'  (the  former  beine 
US'"  26'.  the  latter  115°  55'),  and  hence  it  is  that  in  liie  twin  O  and  1  faU 
nearly  into  one  plane. 


rwnr  asrsriis. 
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Oonipositlon  parallel  to  O.  where  the  reToloticai  is  on  a  horizontal  axii 
normal  to  the  shorter  diagonal  of  O,  is  ex- 
mnplified  ia  f.  334  (from  G.  Roae).  Both 
right-  itnd  left  -hanaed  twins  of  this  kind 
occur;  also  d<^uble  twins  in  which  this 
meth<Hl  ie  combined  with  twinning  (like 
that  in  f.  329,  330),  parallel  to  i-L 

A  thorough  discussion  of  the  method  of 
twinning  in  the  tnclinic  system  has  been 
giren  by  Schranf  in  his  moncwraph  of  the 
species  brochantite  (Ser.  Ak.,  Wien,  IzviL,  27K,  1873). 


Bboulas  Obohpiho  or  Cbtvpalb. 

Connected  with  the  anbiect  of  twin  crystals  ia  that  of  the  parallel  poei- 
tion  of  associated  crystals  of  the  same  species,  or  of  different  species. 
Crystals  of  the  same  species  occurring  together  are  very  commonly 
in  parallel  position.  In  this  way  large  crystals  are  sometimes  built  up  of 
sinallor  individaals  grouped  together  with  corresponding  planes  parallel. 
This  parallel  grouping  is  often  seen  in  crystals  as  they  lie  on  the  support- 
ing rock.  On  glancing  the  eye  over  a  surface  covered  with  crystals,  a 
reflection  from  one  face  will  often  be  accompanied  with  reflections  ttom  the 
ecvreflponding  fiice  in  each  of  the  other  crystals,  showing  that  the  cr}-Btala 
kre  throughout  similar  in  their  positions. 

Crystala  of  different  species  often  show  the  same  tendency  to  parallelism 
in  mutual  position.  This  is  tme  most  frequently  of  species  wnich,  from 
similarity  of  form  and  composition,  are  said  to  be  iK)morphons  (see  p.  199). 
Crystals  of  albite,  implanted  on  a  surface  of  orthoclase,  are  sometimes  an 
example  of  this ;  crystals  of  hornblende  and  pyroxene,  and  of  various  kinds 
of  mica  are  also  at  times  observed  associated  in  parallel  position. 

The  same  relation  of  position  also  occasionally  occurs  where  there  is  no 
connection  in  composition,  as  the  crystals  of  rutile  on  tabular  crystals  of 
hematite,  the  vertical  axes  of  the  former  coinciding  with  the  lateral  axes 
of  the  latter.     Breithaupt  haa  figured  cryst^s  of  calcite,  whose  rhombo- 


hedral  Atoes  (—  \R)  had  a  series  of  qnarts  crystals  upon  theni,  all  is 
parallel  position  (f.  83JS) ;  and  Frensel  and  voni  Rath  have  described  tho 
same  association  where  three  such  quarts  crystals,  one  on  each  rhomho 
Itedral  face,  entirely  enveloped  the  calotte,  and  uniting  with  re-«nterinfi 
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AQKlee  fomied  pseudo-twinB  (rather  trillinra)  of  qnartz  aftei  c&lclte.  The 
antnor  has  deecribed  a  similar  occarrence  from  '' Specimeu  MoDDtalD,'*  in 
the  Ycllowetone  Park;  the  form  ib  shown  in  f.  833.  (Am.  J.  Sci,  lU. 
xii.,  18T6.) 

IBREOUXiARTnES  OF  OlYBTAIf. 

The  laws  of  crystallization,  when  nnraodiSed  by  extrinsic  canses,  should 
produce  forma  of  exact  symmetry;  the  angles  being  not  only  eqnal,  but 
also  the  homologons  faces  of  crystals  and  the  dimensions  iu  the  directioDa 
of  like  axes.  This  symmetry  is,  however,  so  uncommon,  that  it  can 
hardly  be  considered  other  than  an  ideal  perfection.  Crystals  are  very 
generally  distorted,  and  often  the  fundamental  forms  are  so  completely  dia- 
gnieed,  that  an  intimate  familiarity  with  the  possible  irregnlarities  is  re- 
quired in  order  to  uni-avel  their  complexities.  Even  the  angles  may 
occasionally  vary  rather  widely. 

The  irregularities  of  crystals  may  be  treated  of  nnder  several  heads:  1, 
Imperfections  of  surf  ace ;  3,  Variatiojia  of  form  and  dimenaione  ;  8, 
Variationa  of  angles  /  4,  Internal  imperfections  and  imjmrities. 

I.  LtfPBBFBcnosa  m  the  Subfaoes  of  Cbtbtals. 

1.  Striations  or  annular  devationa  arising  from  osoiUatory  eombina^ 
iiona. — The  parallel  lines  or  furrows  on  the  surfaces  of  crystals  are  called 
stricB,  and  such  surfaces  are  said  to  be  atri-atal. 

Each  little  ridge  on  a  striated  surface  is  enclosed  by  two  narrow  planes 
more  or  less  regular.  These  planes  often  correspond  iu  position  to  diffei^ 
ent  planes  of  the  crystal,  and  we  may  suppose  these  ridges  to  have  been 
formed  by  a  continued  oscillation  in  the  operation  of  the  causes  that  give 
rise,  when  acting  nninterrnptedly,  to  enlarged  planes.  By  tliis  means,  the 
surfaces  of  a  crystal  are  marked  in  parallel  lines,  with  a  succession  of  nar- 
row planes  meeting  at  an  angle  and  constituting  the  ridges  refei'i'ed  to. 

Thip  combination  of  different  planes  in  the  forma- 

3W  tion  of  a  surface  has  been  termed  osoiUatory  com- 

hinaiion.     The  horizontal  striie  on  prismatic  crystals 

of    qnartz    are    examples  of    this  combination,  it: 

wliicti  the   oscillation  has  taken  place  between  the 

f)riB]natic  and  pyramidal  planes.  As  the  crystals 
engthened.  there  was  apparently  a  continual  effort 
to  assume  the  terminal  pyramidal  planes,  which  effort 
was  interruptedly  overcome  by  a  strong  tendency  to 
an  increase  in  the  length  or  the  prism.  In  thU 
manner,  crystals  of  qnartz  are  often  tapered  to  a 
point,  without  the  usual  pyramidal  terminations. 
KftfpieUte.  Other  examples  are  the  striation  on  the  cubic  faces 

of  pyrite  parallel  with  tlie  iutersections  of  the  cnbe 
with  the  planes  of  the  pyritohedron ;  also  the  striations  on  magnetite 
(f.  337)  dae  to  the  oecillation  between  the  octahedron  and  dodecal-'odron. 
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PrEsms  of  lonrmaliije  are  very  commonly  bonuded  vertically  1^  throe  convea 
sarfaces,  owing  to  an  oecillatory  combination  of  the  planes  /and  t-2. 

Faces  of  crystals  are  often  marked  with  angular  elevations  more  or  Icsg 
distinct,  due  sometimes  also  to  oscillatory  combination.  Octahedrons  of 
flaorite  are  common  which  have  for  each  face  a  surface  of  minnte  cubes, 
proceeding  from  an  oscillation  between  the  cabe  and  octahedron.  This  ia 
a  common  cause  of  drvxy  surfaces  with  the  crystals  of  many  miiiei-als. 

2.  Striationafrom  oaciUatoru  composition. — Tlie  striationa  of  the  plane 
O  of  albite  and  other  triclinia  feldspars,  and  of  the  rhombohedral  snrfacee 
some  calcite,  hai-e  been  attributed,  on  p.  91,  to  oscillatory  twinning, 

3.  Markings  from,  erosion  and  other  eausea. — It  is  not  uncommon  thai 
the  faces  of  crystals  are  uneven,  or  have  the  crystalline  structure  developed 
as  a  conseqnence  of  etching  by  some  cheinioaL  agent.  Cabea  of  galenite 
are  often  urns  uneven,  and  crystals  of  lead  sulphate  or  lead  carbonate  are 
someiiines  present  as  evidence  with  regard  to  the  cause.  Crystals  of  nnmor- 
ons  other  species,  even  of  corundum,  spinel,  quartz,  etc,  sometimes  show  the 
same  result  of  partial  change  over  the  surface— often  the  incipient  stage  in 
a  process  tending  to  a  tinar  removal  of  the  whole  crystal.  Interesting  in- 
vestigations have  been  made  by  various  authors  on  the  action  of  solvents  on 
different  minerals,  the  actual  structure  of  the  crystals  being  developed  in 
this  "ir&y.    These  are  referred  to  again  in  another  place  (p.  122), 

Tlie  markinsfS  on  the  surfaces  of  ciystals  are  not,  however,  always  to  be 
ascribed  to  etching.  In  most  cases  etchings,  as  well  as  the  minute  angular 
elevations  upon  the  planes,  are  a  part  of  the  original  molecular  growth  of 
the  crystal,  and  often  serve  to  snow  the  successive  stagea  in  its  history. 
They  are  the  imperfections  arising  fi-om  an  interrupted  or  disturbed  de- 
velopment of  the  form,  the  perfectly  smooth  and  even  crystalline  faces 
being  the  result  of  completed  action  free  from  disturbing  causes.  Ex- 
ampfes  of  the  marking  referred  to  occur  on  tlie  crystals  of  most  minerals, 
and  conspicuously  so  on  tlie  pyramidal  planes  of  quartz. 

The  development  of  this  subject  belongs  rather  to  cfrystaUogeny  ;  refer- 
ence may,  however,  be  made  here  to  the  memoirs  of  Scbarn,  bearing  on 
this  snbject,  especially  one  entitled  "  Ueber  den  Quarz,  II.,  die  Ueber- 
gangsflachen,"  Frankfort,  1874;  also  to  the  Crystallography  of  Sadebeck 
(for  title  see  Introduction). 

It  follows  from  the  symmetry  of  crystallization  that  like  planes  should 
be  physically  alike,  that  is  in  regard  to  their  surface  character;  it  thus 
often  happens  that  on  all  the  crystals  of  a  species  fi-om  a  given  locality,  or 
perhaps  from  all  localities,  the  same  planes  are  etched  or  roughened  alike. 
For  example,  on  crystals  of  datolita  from  Bergen  Hill,  the  plane  — 2-« 
ia  almost  nnifonnly  destitute  of  lustre ;  there  is  much  uniformity  on  the 
crystals  of  quartz  in  this  respect. 

4.  Curved  aurjaoea  may  resnlt  from  (o)  oscillatory  combination ;  or  (6) 
some  independent  molecular  condition  producing  curvatures  in  the  laminae 
of  the  crystal ;  or  (a)  from  a  mechanical  canse. 

Curved  surfaces  of  the  first  kind  have  been  already  mentioned,  p.  102. 
A  singular  curvature  of  this  nature  is  seen  in  f.  330,  of  calcite ;  and  another 
in  the  same  mineral  in  the  lower  part  of  f.  3S8,  in  which  traces  of  a  acaleno- 
hedral  form  are  apparent  which  was  in  oscillatory  combination  wish  tlw 
prismatic  form. 
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Oarraturee  of  the  aecond  kind  Bometimea  have  all  the  faces  <!OiiTei.  Thla 
la  the  case  in  crystala  of  diamond  (f.  340),  eome  of  which  are  almoet 
BpbercB.  Tlie  mode  of  curvatare,  in  which  all  the  faces  are  eqnally  oon 
vex,  is  less  cominoa  tlian  that  in  which  a  convex  enrface  is  opposite  and 
parallel  to  a  corresponding  concave  surface.  Khorabolicdrons  of  siderite 
(see  p.  403)  are  HSiially  thus  curved.  The  feathery  curves  of  frost  on  win- 
dows and  the  flagging  stones  of  pavements  in  winter  are  other  examples  of 
curves  of  the  second  kind.  The  alabaster  rosettes  from  the  Mammoth 
Cave,  K;.,  are  similar. 


A  ^lird  kind  of  curvature  is  of  mecKcmictd  oriain.    In  many  speciei 
cryetals  appear  as  if  the^had  been  broken 
**'  transversely  into  many  pieces,  a  slight  dis- 

placement of  which  has  given  a  curved  form 
to  the  prism.  This  is  common  in  tourmaline 
and  boryl.  The  bervls  of  Monroe,  Conn., 
often  present  these  mterrupted  curvatures, 
as  represented  in  f.  341. 
Bwyl,  Monroe,  Conn.  CryBtals   not  unfrequently  occnr  with   a 

deep  pyramidal  depression  occupying  the 
place  of  each  plane,  as  is  often  observed  in  common  salt,  alnm,  and  sulphar. 
This  is  due  in  part  to  their  rapid  growth. 


n.  Tabiations  ih  thb  Fokmb  asd  DmsHBioirs  of  Cbtbtau, 

_  The  simplest  modification  of  form  in  crystals  consists  in  a  simple  varia- 
tion in  length  or  breadth,  without  a  disparity  in  similar  seitondary  planes 
The  distortion,  however,  extends  very  generally  to  the  secondary  planes, 
especially  when  the  elongation  of  a  crystal  takes  place  in  the  direction  of  a 
diagonal,  instead  of  the  crystallograpnic  axes.  In  many  instances,  one  or 
more  planes  are  ohliterated  hy  the  enlargement  of  others,  proving  a  sc-nrce 
of  much  perplexity  to  *Jie  stndent.  The  interfacial  angles  remain  constant, 
onaJTected  b^  these  variations  in  form.  These  chai>ges  in  form  often  give 
rise  to  what  is  called  by  Sadobeck  paeudo-nymmetry  y  the  distorted  forms 
of  one  system  appearing  eimikr  to  the  normal  forms  of  another.  (Compare, 
tlie  descriptions  of  the  following  figures.)    As  meet  of  the  difficulties  in  the 


*  See  p.  188  for  another  ow  of  thu  wwd. 
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study  of  crjBtala  ariaea  from  tbeee  diBtortioiifi,  tlds  bqIt  eot  is  one  oi  grut 
importance. 

Figa.  349  to  853  represent  examples  from  the  isometric  ayetem. 

A  cube  lengthened  or  shortened  fHoag  one  axis  becomes  a  right  aqnare 
prism,  and  if  varied  in  the  direction  of  two  axes  is  changed  to  a  rectangu- 
lar priam  Onhes  of  pyrite,  galenite,  fluorite,  etc.,  are  generally  thna  dis- 
torted, it  ie  very  nnaaual  to  find  a  cubic  cryatal  that  is  a  true  symmetrioal 
cube.  In  aome  apecicB  the  cnbe  or  octahedron  (or  other  isometric  form)  ie 
lengthened  into  a  capillary  crystal  or  needle,  as  happens  in  cuprite  and 
pyrite. 

An  octahedron  fiaMened  parallel  to  a  faoe,  or  in  the  direction  of  a  trigonal 
interaxis,  is  rednced  to  a  tabular  crystal  (f.  342).  If  lengtitiened  in  the 
aame  direction,  it  takes  the  form  in  f.  843  ;  or  if  still  farther  lengthened 
to  the  obliteration  of  A',  it  becomes  an  acute  rhomtxdiedroii  (same  Igure^. 


When  an  octahedron  is  extended  in  the  direction  of  a  line  between  two 
opponitc  edeeSj  or  that  of  a  rhombic  inter&xia,  it  has  the  general  form  of 
a  rectangular  octahedron ;  and  still  farther  extended,  as  in  f.  344,  it  is 
changed  to  a  rhombic  prism  with  dihedral  summits  (spinel,  fluorite,  magne- 
tite).    The  fi^re  represents  thia  prism  lying  on  its  acute  edge. 

The  dod&^i^<m  lengthened  in  the  direction  of  a  diagonal  between  the 


obtuse  solid  angles,  that  is,  that  of  a  trigonal  interaxis,  becomes  a  six- 
sided  priam  with  three-sided  aumraits,  ae  in  f.  845  ;  and  ahortened  in  the 
same  direction  is  a  short  priam  of  the  same  kilid  (f.  346).  Both  resemble 
rhombohedral  forms  and  are  common  in  garnet  and  zinc  blende.  When 
lengthened  in  the  direction  of  one  of  the  cubic  axes,  it  becomes  a  square 
prism  with  pyramidal  aummits  (f.  847),  and  shortened  along  the  aame  axil 
'  is  reduoed  to  a  square  octahedron,  with  truncated  bwat  aiig^,^(f^M^^ 
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The  tmpezohedron  is  BtiU  more  diseniBed  by  its  distortions.  When  eloii' 
gated  in  t&e  lina  of  a  trigonal  interaxiB,  it  asBumea  the  form  in  f.  8i9  ;  and 
Btill  farther  lengthened,  to  the  obliteration  of  Bome  of  the  planes,  becomes 
a  Bcalene  dodecahedron  (f.  350).  This  baa  been  obBerved  in  floor  spar. 
Only  twelve  planes  are  here  present  out  of  the  twenty-four.  Threads  of 
native  gold  from  Oregon,  are  strings  of  crystals  presenting  the  form  of  a 
very  acnte  rhombohedron,  vith  the  other  planes  of  the  trisoctahedron  3-3 
(the  pyramidal  and  terminal  obtuse  rhombohedral)  quite  small  at  the  ex- 
tremities.-^See  Am.  J,  Sci.,  vol.  zzzii.,  p.  133,  18S6. 

If  the  elongation  of  the  trapczohedron  takes  place  along  a  onbio  axis,  it 
becomea  a  doable  eight-sided  pyramid  with  four-sided  summits  (f.  851) ;  or 
if  these  6nmmit  places  are  obliterated  by  a  farther  extension,  it  becomes  a 
complete  eiglit-sided  donble  pyramid  (f.  352). 


A  Bcaleno-dodecahedron  of  caloite  is  shown  distorted  in  f.  853,  which  ap- 
pears, however,  to  he  an  eight-aided  prism,  bounded  laterally  by  the  planes 
S,  1',  1",  and  a,  and  their  oppoaites,  and  terminated  by  the  remaining  planea. 
The  following  figures  of  qnartz  (f.  364,  355)  represent  diatorted  forms  of 
this  mineml,  m  which  some  of  the  pyramidal  faoea  by  enlargement  dis- 
place the  prismatic  faces,  and  nearly  obliterate  some  of  the  other  pyramidal 
faces ;  Bee  also  f.  3"" 


QnBita. 


Qouts 


fig.  356  is  a  distorted  crystal  of  apatite  ;  the  same  is  shown  in  f.  857 
with  the  normal  aymmetry.  The  planes  between  O  and  the  right  I  an 
enlarnd,  wliile  the  oorrespoadine  planes  below  are  in  Dart  obliterated 
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By  observing  that  Bimilar  plauee  are  lettered  alike,  the  correBpoudence  d 
tiie  two  figures  will  be  understood. 

Ill  deciphering  the  distorted  crystalline  forms  it  mnst  be  remembered 
tliat  while  the  appearance  of  the  crystals  may  be  entirely  altered,  the  angles 
remain  the  same  ;  moreover,  like  planes  are  physically  alike,  that  is,  ouke 
in  degree  of  lustre,  in  striations,  and  so  on. 


In  addition  to  the  variations  in  form  which  have  just  been  described,  still 
greater  irregularities  are  due  to  the  fact  that,  in  almost  all  cases,  crystals  in 
nature  are  attached  either  to  other  crystals  or  to  some  rock  snrface,  and  in 
conseqtience  of  this  are  only  partially  developed.  Thus  quartz  crystals  are 
generally  attached  by  an  extremity  of  the  prism,  and  hence  have  only  one 
set  of  pyramidal  planes ;  perfectly  formed  crystals,  as  those  from  Herkimer 
Co.,  14.  Y.,  having  the  double  pyramid  complete,  are  rare.  The  aam? 
statement  may  be  made  for  nearly  all  species. 


m.  YABIATtOMS  HI  TBB  AbOLES  OV  ObTBTAU. 


The  greater  part  of  the  distortions  described  occasion  no  change  in  the 
interfacial  angles  of  crystals.  But  those  imperfections  that  prodiice  con- 
vex, cnrved,  or  striated  faces,  necessarily  cause  such  variations.  Further- 
more, circumstances  of  heat  or  pressure  under  which  the  crystals  were 
formed  m^y  sometimes  cause  not  only  distortion  in  form,  but  also  some 
variation  in  angle.  The  presence  of  impurities  at  the  time  of  crystallization 
mar  also  have  a  like  efFect. 

Still  more  important  is  the  change  in  the  angles  of  completed  crystals 
which  is  caused  by  subsequent  pressure  on  the  matrix  in  which  they  were 
formed,  as,  for  example,  the  change  which  may  take  place  during  the  more 
or  less  complete  metamorphism  of  the  enclosing  rock. 

The  change  of  composition  resulting  in  psendomorphous  crystals  (see 
p.  118)  is  generally  accompanied  by  an  irregnlar  change  of  angle,  so  that 
the  peeudomorphs  of  a  species  vary  mudi  in  angle. 

In  general  it  is  safe  to  aflirm  that,  with  the  exception  of  the  irregolaritief 
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uiring  from  imperlectioiis  in  the  process  of  orystaUizatJon,  or  from 
changes  prodnceiT  snbseqnentlv,  TanationB  in  the  angles  are  rare,  and  the 
constancy  of  angle  alluded  to  on  p.  87  is  the  universallaw.* 

In  cases  where  a  greater  or  less  variation  in  angle  has  been  observed  Id 
the  crystals  of  the  same  species  fmin  diffei'ent  localities,  the  cause  for  this 
can  usually  be  found  in  a  difFcrcnce  of  chemical  composition.  In  the  esse 
of  isnmoi-plious  compounds  it  is  well  known  that  an  exchange  of  correspond- 
ing chemically  equivalent  elements  may  take  place  without  a  change  of 
form,  though  usually  accompanied  with  a  slight  variation  in  the  funda- 
mental angles.     * 

The  effect  of  heat  opon  the  form  of  oiystals  is  alluded  to  upon  p.  168. 


tV.  Intebnal  Ikfertboiiohb  asd  Iiiriiunus. 

The  transparency  of  crystals  is  often  destroyed  by  disturbed  crystallJEa- 
tion,  or  by  imparities  taken  np  from  the  solution  during  the  process  of 
orystallization.  These  impurities  may  be  simply  coloring  ingredients,  or  they 
may  be  inclosed  particles,  fluid  or  solid,  visiblo  to  the  eye  or  under  the 
microscope.  The  coloring  ingredients  may  vary  in  the  course  of  fonnation 
of  the  crystals,  and  thus  layers  of  different  colors  result ;  the  tourmaline 
crystals  of  Chesterfield,  Mass.,  have  a  red  centre  and  blue  exterior;  otbera 
from  Elba  are  sometimes  light-gi-een  below  and  black  at  the  extremity ; 
many  other  examples  might  be  given. 

The  subject  of  the  fluid  and  solid  inclosures  in  crystals  is  one  to  which 
much  attention  has  been  directed  of  late  years.  Attention  was  early  called 
to  its  importance  by  Brewster,  who  described  the  presence  of  fluids  in 
quartz,  topaz,  beryl,  chrysolite,  and  other  minerals.  In  later  years  the  mat- 
ter has  been  more  thoroughly  studied  by  Soiby,  Zirkel,  Vogelsang, Fischer, 
BoeenbuBch,  and  many  others.     (See  Literature,  p.  111.) 

Many  crystals  contain  empty  cavities ;  in  others  the  cavities  are  filled 
sometimes  witli  water,  or  with  the  salt  solution  in  which  the  crystal  was 
formed,  and  not  infrequently,  especially  in  the  case  of  quartz,  with  liquid 
carbonic  acid,  as  first  proved  by  Vogelsang,  and  recently  followed  out  by 
Hartley.  Tliese  liquid  inclosares  are  marked  as  such,  in  many  cases,  by 
the  pi-eeence  in  the  canty  of  a  movable  bubble. 

Tlio  solid  inclosures  are  almost  infinite  in  their  variety.  Sometimes  they 
are  lai^  and  distinct,  and  can  be  referred  to  known  mineral  species,  as  the 
scales  of  hematite  to  which  the  pei^uliar  character  of  aventurine  i^eldspar  is 
due.  Magnetite  is  a  vei'y  common  impurity  for  many  minerals,  appearing, 
for  example,  in  tlie  Pennabui'y  mica;  quartz  is  also  often  mcchanicalhr 
mixed,  as  in  stanrolite  and  gmelinite.  On  the  other  hand,  quartz  crystals 
vei-y  commonly  inclose  foreign  material,  &uch  as  chlorite,  tourmaline,  rntile, 
hematite,  asbestos,  and  many  other  minerals. 

*  Befwmca  moHt  be  nuda  h«re  to  the  diaonnlon  far  Scaoohl  of  the  prindpls  of  "  Poly^mi 
mMz7."  (AtUAocad.  H»poU,  L.  18S4.)  Sm  bIw  JS^MkMoJtt,  Xnr  EdtOc  de«  Lmoitqratea^ 
TMi.  Un.  intUi.,  1870,287.    Seefatth«r  theduciuuoaonpp.iaeet  nq. 
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The  incloenrefi  may  also  consist  of  a  heteix^neons  mass  of  matt  rial ;  as 
Iho  granitic  matter  seen  in  orthoclase  crystals  in  a  porphyritic  granite ;  or 
the  feldspar,  qnartz,  etc.,  sometimes  inclosed  in 
lai^o  coarse  crystals  of  beryl,  occnrring  in  granite  8U 

veins. 

An  interesting  example  of  the  iuclusnre  of  one 
mineral  by  another  is  afforded  by  tlio  annexed 
figures  of  tourmaline,  enveloping  orthoclase  (E.  £L 
■Williania,  Am.  J.  Sei.,  III.,  xi.,  273,  1876).  Fig. 
358  shows  the  crystal  of  tourmaline  ;  and  cixws-sec- 
tiona  of  it  at  the  pdnts  indicated  [a,  h,  c)  are  given 
by  f.  359,  360,  361.  The  latter  show  that  the  feld- 
spar increases  in  amonnt  in  the  lower  part  of  the 
crystal,  the  tourmaline  being  merely  a  thin  shelL 
Similar  specimens  from  the  same  locality  (Port 
Henry,  Essex  Co.,  N.  Y.)  show  that  there  is  no  ne- 
cessary connection  between  the  position  of  the  tour- 
maline and  that  of  the  feldspar. 

Similar  occurrences  are  those  of  trapezohedrons 
of  garnet,  where  the  latter  is  a  mere  shell,  enclosing 
calcite,   or  sometimes  epidote.       Analogous  cases 

have  been  explained  by  some  authors  as  Being  due  to  partial  paendomorph 
iam,  the  alteration  pn^ressiDg  from  the  centra  outwara. 


son 


The  microscopic  CTTstals  obaerred  as  incloenree  may  eometimea  be 
referred  to  known  species,  bnt  more  generally  their  true  natare  is  doubtful. 
The  term  mioroliUa,  proposed  by  Vogelsang,  is  often  used  to  designate  the 


luinute  inclosed  crystals ;  they  are  generally  of  needle-like  form,  BOme- 
timee  quite  irregular,  and  often  very  remarkable  in  their  arrangement  and 
groupings ;  some  of  them  are  exhibited  in  f.  367  and  f.  368,  as  exfUined 
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below.  Triclute  and  belonite  are  names  introdnoed  by  Zirkel ;  the  ftHmer 
Qame  is  derived  from  0pi^,  hair,  the  forms,  like  that  in  f.  S63,  are  common 
in  obsidian.  Where  the  minute  individuals  belong  to  known  Bpecies  they 
are  called,  for  example,  feldspar  miurolites,  etc. 

On/ataUitas  is  an  analogous  term  which  ie  intended  by  YogcUang  to  cover 
those  minute  forma  which  have  not  the  regnlar  extenor  form  or  crystals, 
but  may  be  considered  as  intermediate  between  amoi-phoas  matter  and  true 
crystals.  Some  of  the  forms,  figured  by  Vogelsang,  are  shown  in  f.  333  to 
866 ;  tliey  are  often  observed  in  glaaey  volcanic  rocks,  and  also  in  furnace 
•lags.  A  series  of  names  have  been  given  to  varieties  of  crystallites,  such 
as^lobnlitee,  margarites,  etc.* 

Tho  microscopic  inclosures  may  also  be  of  an  irregular  glassy  nature ;  a 
kind  that  exists  m  crystals  which  have  formed  from  a  melted  mass,  as  lavaa 
or  the  slog  of  iron  fnmaces. 

In  general,  it  may  be  said  that  while  the  solid  inclosures  occur  aometimea 
qnite  irregnlaily  in  the  crystals,  they  are  more  generally  arranged  with 
some  evident  reference  to  the  symmetry  of  the  form,  or  planes  of  the 
crystals.     Examples  of  this  are  shown  in  the  following  figares:  f.  367  ex 


hibits  a  crystal  of  augite,  inclosing  magnetite,  feldspar  and  nepholite 
microlitos,  etc.,  and  f.  868  shows  i  crystal  of  leucite,  a  species  whose 
crystals  very  commonly  inclose  foreign  matter.  Fig.  369  shows  a  section 
of  a  crystal  of  calcite,  containing  pynte. 


Another  striking  example  is  afforded  by  andalnsite,  in  which  the  inelosea 
Impurities  are  of  considerable  extent  and  remarkably  arranged.  Fig.  870 
shows  the  successive  parts  of  a  single  crystal,  as  dissected  by  B.  Horsford 


*  Die  EiTstalliteii  von  HMnunn  TogelMog.    Bonn,  1 
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uf  Sfrinefleld,  Mass.;  871,  one  of  tie  four  white  portioiu;  aad  STS,  the 
central  black  portion. 


LrrEBATnsx. 

Some  of  the  most  importimt  wotki  on  the  scbjeot  an  iGfezrad  to  hare,  but  tor  a  oom^etl 
Itot  of  the  literature  np  to  1873,  refetenoe  m^  be  made  to  QoBenbusbh  (»»o  belov). 

Afim,  Leoahnrd,  Beyfert,  and  SQoUiWi  dia  EmBohlOase  von  Uiaerallen  In  kryaMliairtiwi 
IDneialleD.     (Pieiasolirift.)     Ha«r1em,  18S4. 

BreiBtter.  Many  papecs  published  moBtly  in  Uie  Philoeopbloal  Magadne,  and  tlie  EdinbiUKli 
PhiL  Jonmal,  from  1622-1858, 

Fit^ter  KritiBohB-miocoBoopiBohe  minoHdo^aohe  Studlen.  FreibniginBr.,  Mpp.,1889; 
Ite  FortMtmog,  64  pp..  1871 ;  2te  Fort*.,  M  pp.,,  1873.  ,  ,  ,  „.      ,„«. 

Eotmaiin  tTeber  (Ua  Schillera  nnd  den  Diohzoiamoa  des  HjpetMhens.  Jahrb.  Hin.,  1809, 
808  (ibid.  p.  53«,  1871,  p.  Ml).  

Boimbuteh.  Mioroacopisohe  PhTiioeTaphio  der  petzographlach  wmlitiKen  Hfneralien. 
89S  pp.,  Leipiig,  1873. 

Behrauf.    Sindien  an  der Hinetalspeciea  Labradorit     Ber.  At  ^en,  li.,  Doa,  1869. 

Bmbg.  On  the  miorosoopioal  itnielinTe  of  oij-atals,  indicating  the  origin  of  raineiala  and 
todks.    Q.  J.  QeoL  Soo„  xlt.,  453,  1858,  (and  many  other  papen). 

Borbya^A  Biitier,  ChitheBtraotoreof  mbies,  ■apphiTea,diamondB,  andaomeothsrmlnarala. 
Pioo.  Eoy.  Sou.,  No.  109,  1809. 

VogdiaRg.    Die  KiyitalUten.     175  pp.,  Bonn,  1875, 

Vog^sang  and  Oeitiier.  ITeber  die  Natur  dec  FiQwigteitaeiiMohlttwe  in  gewinen  Miners 
liun,     Fogg.  Ann,,  oinrii.,  50, 1889  (ibid.  p.  257), 

ZirkA,  Die  microecopiscliB  BeacbaBenheit  dei  Uineiallen  and  Qeateine.  603  pp. ,  Leipaig, 
1878. 

ORYSTALUNE  AGGRi»ATBS. 

The  greater  part  of  the  specimens  or  masses  of  minerab  that  occur,  may 
be  described  as  ageregations  of  imperfect  crystals.  Even  those  whose 
stmcture  appears  the  moat  parely  impalpable,  and  the  most  destitute  in- 
ternally of  anything  lilts  crystallization,  are  probably  composed  of  crystal- 
line grains.  Under  the  above  head,  consequently,  are  included  aft  the 
remaining  varieties  of  structure  in  the  mineral  kingdom. 

The  individuals  composing  impei-fectlv  crystallized  individuals,  may  be: 

1.   Columns,  orfkres,  in  whiuii  case  tfie  structure  is  ooium/kW. 

3.   Thin  lamina,  producing  a  lamellar  structure. 

8.  Orains,  constituting  a  granviar  structure. 

1.  Columnar  Stnusture, 

A  mineral  possesses  a  columnar  stmcture  when  it  is  made  np  of  slendef 
wdumnB  or  fibres.    There  are  the  following  varieties  of  the  columnar  struo 

F^irout:  when  the  colamna  or  fibres  are  paralleL  Ex.  gypeom,  nflbeatii* 
Fibrous  minerals  have  often  a  silky  lostre. 
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Jieticulaied  :  when  tbe  fibres  or  oolamna  ckhb  in  varioas  direction*,  uid 
prodnce  an  appearance  having  some  resemblance  to  a  net. 

Stellated  or  ateUidar:  when  they  radiate  from  a  centre  in  all  directiona) 
and  produce  star-like  forms.     Ex.  sttlbite,  wavellite. 

Radiated,  dvvergeni :  when  the  cr^tals  radiate  from  a  centre,  without 
producing  stellar  forms.    Ex.  qnartz,  stibnite. 


2.  Lamellar  Strveture. 

The  stmctare  of  a  mineral  is  lamellar  when  it  consists  of  plates  or 
leaves.  The  lamins  may  be  curved  or  straight,  and  thus  f^Jve  rise  to  the 
curved  lamellar,  and  ttraigkt  lamellar  structure.  Ex.  wollastonite  (tabniar 
spar),  some  varieties  of  gjpsiira,  talc,  etc.  When  the  laminte  are  thin  and 
easily  separable,  the  structure  is  said  to  be  foliaceous.  Mica  is  a  striking 
example,  and  the  term  mi&Keotu  is  often  used  to  describe  this  kind  of 
structure. 

8.  Oramdar  Structure. 

The  particles  in  a  j^ranular  structure  differ  much  in  size.  When  uoaise, 
the  mineral  is  descrited  as  coarsely  granular  ;  v/hen&nc,  Jmely  granular/ 
and  if  not  distinguishable  by  the  naked  eye,  the  structure  is  termed  im- 
palpable. Examples  of  the  first  may  be  observed  in  eranular  crystalline 
limestone,  sometimes  called  saccharoidal ;  of  the  seAond,  in  some  varieties 
of  hematite  ;  of  the  last,  in  chalcedony,  opal,  and  other  species. 

The  above  terms  are  indefinite,  but  from  necessity,  as  there  is  every 
decree  of  fineness  of  structure  in  the  mineral  species,  from  perfectly  im- 
palpable, through  all  possible  shades,  to  the  coarsest  granular.  The  term 
phanero-cryatalline  has  been  used  for  varieties  in  which  the  gruns  are  dis- 
tinct, and  crypto-crystalHne,  for  those  in  which  th^  are  not  discernible. 

Granular  minerals,  whea  easily  crumbled  in  the  migers,  are  said  to  be 
JrioMe. 

4.  Imitative  ^la^pet, 

Beniform  :  kidney  shape.     The  structure  may  be  radiating  or  coucentrio. 

£otryoidal:  consisting  of  a  group  of  rounded  prominences.  The  name 
is  derived  from  the  Q-i-eek  fforpw,  a  bunch  of  grapes.  Ex.  limonite,  chal- 
cedony. 

MammiUary :  resembling  the  Ixttryoidal,  but  composed  of  larger  prom* 
ineuces. 

Olobvlar ;  spherical  or  nearly  so ;  the  globules  may  consist  of  radiating 
fibres  or  concentric  coats.  When  attached,  as  they  usually  are,  to  the  sur- 
face of  a  rock,  they  are  described  as  implanied  globules. 

Nodular  ;  in  tuberose  forms,  or  having  irregular  protuberances  OTer  the 
sorface. 

Amygdaloidal :  almond-shaped,  applied  usually  to  a  greenstone  contain 
log  almond-shaped  or  sub-globular  nodulea. 
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OoraBoidal :  like  coral,  or  couBistiiig  of  interlsced  flexnoos  braachingi 
of  a  white  color,  ae  in  eome  ara^onito. 

DeTuiritic  :  branching  tree-like. 

Mossy  :  like  moea  in  form  or  appearance. 

FUiform  or  CapHlary :  very  Blender  and  Ion?,  like  a  thread  or  hair ; 
•xniBiats  ordinarily  of  a  enccession  of  minnte  cryBt^ 

Aoicular ;  slender  and  rigid  like  a  needle. 

ReticrUated :  netlike. 

Drusy :  cloeely  covered  with  niinate  implanted  cryatalB. 

Stalaedtic :  when  the  mineral  occnra  in  pendant  columne,  cylinders,  or 
elongated  conea. 

StalactiteB  are  produced  by  the  percolation  of  water,  holding  mineral 
matter  in  Bolution,  throueh  the  rocky  roofs  of  caverns.  The  evaporation 
of  the  water  prodaces  a  deposit  of  the  mineral  matter,  and  gradually  forma 
a  long  pendant  cylinder  or  cone.  The  internal  structure  may  be  impe^ 
fectly  crystalline  and  granular,  or  may  consist  of  fibres  radiating  from  the 
central  column,  or  there  may  be  a  brc«d  cross-cleavage. 

Common  stalactites  consist  of  caleinm  carbonate.  Chalcedony,  gihbeite, 
brown  iron  ore,  and  many  other  Bpecies,  also  present  stalactitic  forms. 

The  term  amorphovs  is  naed  when  a  mineral  has  not  only  no  crystalline 
form  or  imitativcBhape,  but  also  does  not  polarize  the  light  even  in  its  minute 
particles,  and  thus  appears  to  be  destitute  wholly  of  a  crystalline  strncture 
mtemally,  as  most  opal.  Such  a  stractni'e  is  also  called  colloid  or  jellyp 
like,  from  the  Greek  for  glae.  Whether  there  is  a  total  absence  of  crystal- 
line  Htrocture  in  the  ino^cules  is  a  debated  point.  The  word  is  from  a 
privative,  and  /topift^,  shape. 


PSEUDOMOBPBOUS  CRYgTATA 

Every  true  mineral  species  has,  when  crystallized,  a  form  pecnliar  to 
itself;  oucaeionally,  however,  crystals  are  found  that  have  the  form,  both 
as  to  angles  and  general  habit,  of  a  certain  species,  and  yet  differ  from  it 
entii-pfy  in  chemical  composition.  Moreover  it  is  often  seen  that,  though 
in  ontward  form  complete  crystals,  in  internal  structure  they  are  granular, 
or  waxy,  and  have  no  regular  cleavage. 

Such  crystals  are  called  pseudomorpha,  and  their  existence  is  explained 
by  the  assumption,  often  admitting  of  direct  proof,  that  the  original  min- 
eral lias  been  changed  into  the  new  compound,  or  has  disappeared  through 
some  agency,  and  its  place  been  taken  by  another  chemical  compound  tc 
which  iha  form  does  not  belong. 

FeeadomorphH  have  been  classed  under  several  heads. 

1.  Pseiidoraorphs  by  s%ibstitution. 

2.  Psendomorphs  by  simple  deposition,  (a)  incrustation  or  (ft)  ir^fa- 
tion. 

8.  Feendomorphfl  by  alteration ;  and  these  may  bo  altered 
(a\  withont  a  change  of  composition,  by  paramorphism  j 
ib)  by  the  loss  of  an  ingredient ; 
(o)  by  the  assumption  <S  a  foreign  sobatanoe ; 
W  ^7  '^  partial  exchange  of  coneUtuenta 
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1.  The  first  due  of  paeadomorphs,  hj  au&stitution,  embrace  those  sasei 
where  there  haa  been  a  gradual  removal  of  the  original  material  and  a 
vorrcsponding  and  simultaneous  replacement  of  it  bj  another,  witbonL 
however,  any  chemical  reaction  between  the  two.  A  common  examplo  of 
thie  is  a  piece  of  fossilized  wood,  whore  the  original  iibre  hag  been  replaced 
entirely  by  silica.  The  firBt  step  in  the  process  was  tlie  filling  of  all  the 
poms  and  cavities  by  the  silica  m  solution,  and  then  as  the  woody  fibre  by 

.  gradual  dccom  posit  Ion  disappeared,  the  silica  farther  toolc  ita  place.  Other 
examples  are  quartz  after  flnorite,  ealiute,  and  maaf  odnr  ipecieH,  caaaitente 
after  orthoclaae,  etc 

2.  Pseudomorphs  by  incrustation,  form  a  less  important  claea.  Snck 
are  the  crusts  of  quartz  formed  over  finorite.  In  most  cases  the  removal 
of  the  original  mineral  has  gone  on  simultaneously  with  the  deposit  of  the 
second,  so  that  the  resnlting  pseadomorph  is  properly  one  of  substitution. 
In  pseudomorphs  by  inJUtratton,  a  cavity  made  by  the  removal  of  a  crystal 
has  been  filled  by  anotner  mineral, 

3.  The  tliird  class  of  pseudomorphs,  by  alteration,  include  a  considerable 
proportion  of  the  observed  cases,  of  which  the  number  is  very  lai^.  Con- 
clusive evidence  of  the  change  which  has  gone  on  is  often  fumisned  by  a 
kernel  of  the  original  mineral  in  the  centre  of  tlie  altered  crystal ;  e.ff.,  a 
kernel  of  cuprite  in  a  psendomorphons  octahedron  of  malachite ;  also  of 
chrysolite  in  a  psendomorphons  crystal  of  serpentine  j  of  oornndnm  in 
fibrolite.  or  spinel  (Genth), 

(a)  An  example  of  paramorphism  is  furnished  bvtbe  change  of  aragonite 
to  calcitc  at  a  certain  temperature ;  also  the  ^foramorpha  of  rutile  after 
arkansitfi  from  Magnet  C!ove. 

(6)  An  example  of  the  psendomorphs  in  which  alteration  is  accompanied 
by  a  loss  of  ingredients  is  furnished  by  crystals  of  limonite  in  the  form  of 
siderite,  the  carbonic  acid  having  been  removed ;  so  also  calcite  after 
gay-lussite  ;  native  copper  after  cuprite. 

{c)  In  the  change  ot  cuprite  to  malachite,  s.ff.,  the  familiar  crystals  from 
Cliessy,  France,  an  instance  is  afFordedof  the  afisnmption  of  an  ingredient, 
viz.,  cai-bonie  acid,  Pseudomorphs  of  gypsum  after  anhydrite  occur,  where 
there  has  been  an  assumption  ot  water. 

{d)  A  partial  exchange  of  constituents,  in  other  word  j,  a  loss  of  one  and 
gain  of  unother,  takes  place  in  the  change  cif  felds}.>ar  to  kaolin,  in  which 
die  potash  silicate  disappears  and  water  is  taken  up ;  pseudomorphs  of 
chlorite  after  garnet,  pyromorphite  after  galenite,  are  other  examples. 

The  chemical  processes  involved  in  such  changes  open  a  wide  field  fot 
investigation,  in  which  Biscbof,  Delesae  and  others  have  done  much. 
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SECTION  I.— SUPPLEMENTARY  CHAPTER. 

IMPROVEUEKIS     IN    THE     INSTRUUENta     FOR    THS     UEASDBEMENT    OF   THB 
AyOLES  OF  CRYSTALS   (sec  pp.  83-87). 

Reflecting  Goniometer. — A  form  of  reflecting  goniometoi-,  well  udaptedfor 
Hccuratc  measurements,  and  at  the  same  timo  tliorouglily  practical,  is  aliowit 
in  f.  37:2a.  It  is  made  on  tlie  Babinet  type,  with  a  horizontal  graduated 
circle;  the  instruments  of  the  Mitscherlich  type,  alluded  to  on  p.  86,  having 
a  vertical  cii'cle.  The  horizontal  circle  has  many  advantages,  especially 
when  it  is  desired  to  measure  the  angles  of  large  crystals  or  those  which  are 


attached  to  a  lame  piece  of  rock.     This  particular  form  of  instrument  here 
figured  is  made  by  R.  Fness,*  in  Berlin  (Alte  Jacobstradse  108),  and  has 

*  The  author  is  indebted  to  R.  Fuess  tor  the  eleotTotTpea  from  which  thi«  and  the  fol- 
lowing flgUTcs  (8T2a,  b,  c,  d,  t^to,  t.  413c,  D,  K,  p,  h,  k,  l)  have  been  printed. 
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many  improTemenU  Boggested  by  Webskt  (ZeitBchr.  Kryst.,  ir.,  646,  1880. 
See  aleo  Liebisch,  Bericht  tiber  die  visHenscbaftlichen  Instrumente  anf  der 
Berliner  GewerbeaUBatelliing  im  Jahre  1879,  pp.  330-332). 

The  instrument  etands  oq  a  tripod  with  leveling  ecrews.  The  central 
axis,  0,  has  within  it  a  hollow  axis,  b,  with  which  turns  the  plate,  d,  carry- 
ing the  verniers  and  also  the  obeerviag  telescope,  the  upright  support  of 
which  is  showii  at  B.  Within  &  is  a  second  hollow  axis,  e,  which  carries 
the  graduated  circle,/,  above,  and  which  is  turned  by  the  screw-head,  g ; 
the  tangent  screw,  a,  serves  as  a  One  adjustment  for  the  observing  telescope, 
B,  the  screw,  c,  being  for  this  purpose  raised  so  as  to  bind  b  and  e  together. 
The  tangent  screw,  p,  isa  fine  adjustment  for  the  graduated  circle.  Again, 
within  e  is  the  third  axis,  h,  turned  by  the  screw-head,  i,  and  within  7*  ig  the 
central  rod,  s,  which  carries  the  snpport  for  the  crystal,  with  the  adjusting 
and  centering  contrivances  mentioned  below.  The  rod,  s,  can  be  raised  or 
lowered  by  the  screw.  A,  bo  as  to  bring  the  crystal  to  the  proper  height,  that  is 
up  to  the  axis  of  the  telescope  ;  when  this  has  been  accomplished,  the  damp 
at  p,  turned  by  a  set-key,  binds  s  to  the  axis.  It.  The  movement  of  A  can 
take  place  independently  of  j^,  but  after  the  crystal  is  ready  for  measurement 
these  two  axes  are  bound  together  by  the  set-screw,  1,  The  signal  telescope 
is  supported  at  C,  firmly  attached  to  one  of  the  legs  of  the  tripod.  The  crys- 
tal is  mounted  on  tbe  plate,  u,  with  wax,  the  plate  is  clamped  by  the  screw, 
V,  The  centering  apparatus  consists  of  two  elides  at  right  angles  to  each 
other  (one  of  these  is  shown  i  n  the  fignre)  and  the  screw,  a,  which  works  it ; 
the  end  of  the  other  corresponding  screw  is  seen  at  a'.  The  adjusting 
arrangement  consists  of  two  cylindrical  sections,  one  of  them,  r,  shown  in 
the  figure,  the  other  is  at  r' ;  the  cylinders  have  a  common  centre. 

The  circle  is  graduated  to  degrees  and  quarter  degrees,  and  the  vernier  gives 
the  readings  to  80",  but  by  estimate  they  can  be  obtained  to  10",  The  signals 
provided  are  four  in  nnmber,  each  in  its  own  tube,  to  be  inserted  behind  the 
collimator  lens  ;  these  are  :  (1)  tbe  ordinary  telescope  with  the  hair  cross,  to 
be  used  in  the  cose  of  the  most  perfect  planes ;  (S)  the  commonly  used  signal,* 
proposed  by  Websky,  consisting  of  two  small  opaque  circles,  whoEe  distance 
apart  can  be  adjusted  by  a  screw  between  them  ;  the  light  passing  between 
these  circles  enters  the  tube  in  a  form  I'esembling  a  double  concave  lens  ; 
also  (3)  an  adjustable  slit ;  and,  finally,  (i)  a  tube  with  a  single  ronnd  open- 
ing, very  small.  There  are  four  observing  telescopes  of  different  angular 
breadth  of  field  and  magnifying  power,  anahence  suitable  for  planes  vai-ying 
ia  size  and  ia  degree  of  polish.     A  Nicol  prism  is  also  added. 

The  methods  to  be  employed,  both  in  making  the  preliminary  adjust- 
ments required  by  every  instrument  before  it  can  be  used,  and  in  the  actnal 
measurement  of  the  angles  of  crystals,  have  been  described  by  Websky  (1.  c.) 
with  a  fullness  and  clearness  which  leaves  nothing  to  be  desired,  and  refer- 
ence must  be  here  made  to  this  memoir. 

Microscope-Ooniometer  of  Hir&chwaJd. — For  the  measurement  of  the  angles 
of  crystals  whose  planes  are  destitute  of  polish,  Hibschwald  has  devise  a 
"microscope-goniometer"  (Jahrb.  Min.,  1879,  301,  539,  1880,  i.,  166. — 
See  also  Liebisch,  1.  c,  pp.  336,  377) ;  the  actual  construction  has  been  made 
by  Fness.  The  instrument  consists  of  a  WoUaston  goniometer  with  a  center- 
ing telescope  and  a  vertical  microscope.  The  principle  npon  which  the  ose 
of  the  iustrament  is  based  ia  this :  tnat  a  plane  seen  through  a  mioroecope 

•  See  WetMkjTi  Z.  Erysl,  iiL,  841. 
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will  be  in  tocos  over  ita  entire  extent  only  -when  tbe  plane  is  exactly  at  right 
angles  to  the  axis  of  the  microscope.  The  microscope  Btands  Tertically  above 
the  crystal,  and  is  supported  on  a  double  slide>  which  allowa  of  ita  beiojg 
moved  parallel  and  perpendicnlar  to  the  axis  of  the  goniometer,  so  that  it  iB 
possible  to  see  sueeessively  every  portion  of  a  crystal  face  fastened  to  the 
goniometer,  and  at  the  proper  focikf  distance.  The  slide  perpendicular  to  the 
axis  of  the  goniometer  carries  a  vernier,  so  tliat  the  position  of  the  microscope 
can  be  measured  on  the  fixed  scale  to  a  half  millimeter.  The  micrometer 
screw  of  the  microscope  is  arranged  so  that  the  raising  or  lowerjng  of  the 
microscope  can  be  measured  to  0*004  mm.  The  spider  lino  in  the  eye-piece, 
parallel  to  the  axis  of  rotation  of  the  goniometer,  is  so  adjusted  tbat  when  the 
slide  just  mentioned  stands  at  the  zero  of  its  scale,  it  lies  exactly  in  the 
vertical  plane  through  the  axis.  The  horizontal  centering  telescope  is  placed 
opposite  the  crvstal  support,  and  moves  on  a  elide  parallel  to  the  axis  of  tbe 
graduated  circle.  Ita  ^ider  lines  are  so  adjusted  that  their  centre  exactly 
coincides  with  this  axis.  The  apparatus  for  centering  and  adjusting  the 
crystal  consists  of  a  vertical  disk  aJlowing  of  motion  in  any  direction  perpen- 
dicular to  the  axis  of  rotation,  and  a  spherical  segment  moved  by  four  arms 
(Petzval  support).  In  use  the  edge  of  the  two  planes  to  bo  measured  is 
brought  by  means  of  the  spider  line  of  the  microscope  parailel  to  the  axis  of 
rotation  ol  tlie  goniometer,  and  there  centered,  by  means  of  the  telescope,  so 
that  as  the  crystal  ia  turned  this  edge  remains  in  the  centre  of  the  epider  line 
of  the  centering  telescope ;  then  the  two  planes  which  form  this  edge  are,  by 
successive  adjustments  by  help  of  the  microscope,  brought  each  successively 
into  an  exactly  horizontal  position  as  tlie  circle  is  revolved.  Tiie  angle 
(normal  angle)  between  the  two  pianos  is  obtained  in  tbe  usual  manner. 
Hirscbwald  calculates  tbat,  with  a  sufficiently  delicate  arrangement  of  lenses, 
forplaiieswhose  width  is  5  mm.,  the  theoretical  error  of  measurement  is  S'  40"; 
for  those  with  a  width  of  10  mm.,  the  error  is  only  1'.  The  improved  sup- 
port for  the  crystal  is  so  arranged  that  when  the  edge  is  exactly  aidjusted  and 
one  of  the  two  planes  carefully  placed  with  the  microscope,  the  second  plane 
moat  be  for  ita  whole  . 

extent  in  tbe  proper 
position  aa  soon  as  this 
IB  true  for  a  single 
point  of  tbe  plane. 

Contact-lever  Goni- 
ometer of  Fuess. —  An- 
other form  of  goniom- 
eter has  been  invented 
by  Fuess  (see  Liebiscb, 
1.  c,  pp.  337-339) 
which  aims  to  accom- 
plish the  same  end  as 
tbat  of  Hirscbwald  — 
the  exact  measurement 
of  the  ansle  between 
two  unpolisned  surfaces 
— but  in  this  case  the 
adjustment  is  accom- 
plished by  mechanical 

means.  The  essential  arrangement  is  shown  in  f.  3728,  372c.  It  conaists 
of  a  Wolloston  goniometer,  Q,  supported  upon  a  perfectly  even  nnpolished 
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glass  plate,  A.  The  coatact-lever  is  carried  by  B,  vhich  rests  on  tlie  glasl 
plate  bj  two  pegs,  o,  and  by  tbe  screw,  n,  with  a  gradnated  bead  tam- 
ing in  connection  with  the  index,  y.  Two  arms,  F  F,  go  down  from 
B,  carrying  the  nat  in  which  tbe  screw,  r,  tnms ;  this  screw  moves  B 
in  a  direction  at  right  angles  to  iac  axis  of  the  goniometer.  The  arm, 
D,  containB  the  nut  for  the  adjusting  Krew,  m  (similar  to  n),  which 
belongs  immediately  to  the  lever  system.  On  the  arm  C  is  attached  the 
knife  edge,  I,  which  meets  the  edge,  c,  fastenfid  to  the  arm,  i ;  this  arm,  i, 
3720.  turns  about  A,  and  is  supported  by  the 

screw,  t».  Theadiustable  ball,  d,  sup- 
ported  on  t,  is  to  he  placed  so  that  the 
ivory  index  rests  witb  the  least  pott- 
,  Bible  preeeure  on  the  crvBtal-faee  at 
K  (see  also  f.  373c).  The  contact- 
lever,  E,  whose  longer  arm  maiUs  on 
the  scale,  8,  lies  between  I  and  a :  its 
bead,  (2,  is  BO  to  be  adjusted  that  tbe 
lever  resting  on  tbe  lower  edge,  c,  has 
a  slight  excesB  of  weight  on  the  Bide  of  the  goniometer,  so  that  it  touches  both 
edges.  A  perceptible  play  of  the  long  arm  corresponds  to  a  raising  or  lower- 
ing of  the  ivory  index  of  0-0005  mm.  If  the  plane  has  a  width  of  1  mm.,  the 
degree  of  accuracy  attainable  is  theoretically  %'. 

In  the  preliminary  centering  and  adjusting  the  work  is  facilitated  by  the 
arrangement  shown  m  f,  372d.     It  consists  of  a  plate,  JJ,  3721,. 

which  rests  on  A  by  the  three  eet-screws,  g.  Two  arms,  «. 
with  Eet-screws,  t,  resting  on  the  side  of  the  supporting 
plate,  make  possible,  Eimilar  to  r,  a  movement  parallel  to 
this  side.  An  index  finger,  I,  is  supported  above  the  plate, 
p.  The  BCrewBj  s  and  t,  are  now  set  so  that  the  sharp  edge 
of  I  is  exactly  in  the  prolongation  of  the  axis  of  rotation 
of  the  goniometer,  which  is  necessarily  parallel  to  the  1 
upper  and  Bide  surfaces  of  the  supporting  plate.  By  the  ' 
help  of  this  arrangement,  the  approximate  centering  and  adjusting  of  the 
crystal-edge  can  be  readily  accomplished,  and  also  the  parallelism  oetween 
the  crystol-fuce  and  tbe  supporting  plate  bo  proved. 

Measurement  of  the  Amies  of  microscopic  Crystals. — BertranD  (C.  B., 
Ixxxv.,  1175,  1877;  Bull.  Soc.  Min.,  i.,  22,  90,  1878)  has  described  a 
method  for  obtaining  the  interfacial  angles  of  microscopic  crystals,  which  may 
be  briefly  alluded  to  nere.  It  is  based  on  the  geometrical  principle  that  if  the 
plane  angles  are  known  which  the  projections  of  a  plane  malce  with  three 
perpendicular  co-ordinate  axes,  tbe  angular  inclination  of  the  plane  to  the 
three  axes  can  be  calculated.  The  crystal  to  be  measured  is  fastened  on  a 
small  cube  of  glass  held  in  a  pincer  arrangement,  on  a  secondary  microscope 
st-age  ;  this  stage  is,  like  the  principal  stage  below  it,  movable  about  a  ver- 
tical axis,  and  besides  has  by  means  of  screws  a  motion  in  two  perpendicular 
directions  in  a  horizontal  plane.  The  method  of  obtaining  the  desired  angles 
is  very  ingenious,  but  too  complex  to  allow  of  explanation  here  ;  reference 
mast  be  made  to  the  original  paper.  With  crystals  of  from  l-'-;0  to  1-30  mm., 
Bertrand  obtained  results  accurate  within  6',  and  he  Btates  that  the  method 
oasi  be  extended  to  crystals  which  have  a  magnitude  of  only  1-100  mm. 
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SECTION  U. 

PHYSICAL   OHARAOTERS   OF   MINERALS. 

The  phyBical  characters  of  minerals  arc  those  which  relate :  I.,  tc 
Oobeeion  and  Elasticity,  that  ia :  deaoage  Kail  fracture,  hardn^es,  and  ten- 
adty ;  II.,  to  the  Haus  and  Yolnme,  the  specijio  gravity ;  III.,  to  Light, 
the  cptical  prqperiies  of  cryBtala ;  also  color,  lustre,  etc. ;  IV.,  to  lie&t ; 
v.,  to  Electricity  and  Maguetiem ;  YI.,  to  the  action  on  the  Senses,  ae 
tatte,  fed,  etc 

I.  COHESION  AND  ELASTICITY.* 

By  eoTiesion  is  anderstood  tlie  attraction  exigtin;;  between  the  molecules 
of  a  body,  in  consequence  of  wliieli  tliey  offer  resistance  to  a  foite  tend- 
ing to  sepamte  them,  as  in  breaking  or  scratchinK-  This  principle  leads  to 
some  of  the  most  universally  important  physical  cbaractei-s  of  minerals, — 
cleaixige.  fracture,  and  hardii^a. 

Elasticity,  on  the  otlier  hand,  is  the  force  which  tends  to  bring  the 
molecnles  of  a  body  back  into  their  original  position,  from  whicli  they  have 
been  disturbed,  tipon  elasticity  depends,  for  the  most  part,  the  degree 
of  tenacity  possessed  by  diU'crent  minerals. 

A.  Cleatagb  Ain>  Fbaotube. 

1.  CUc^foge.  —  Most  crystallized  minerals  have  certain  directions  in 
which  their  cohesive  power  is  weakest,  and  in  which  they  consequently 
yield  most  readily  to  an  exterior  force.  This  tendency  to  break  in  the 
direction  of  certain  planes  is  called  cleavage,  and  being  most  intimately 
connected  with  the  crystalline  form  it  has  already  been  necessary  t^  define 
it,  and  to  mention  some  of  its  most  important  features  (p.  2).  Cleavage 
differa  (a)  according  to  the  ease  with  which  it  is  obtained,  and  {b)  accord- 
ing to  its  direction,  crystallographically  detei-mined. 

(a)  Cleavage  is  naXleA perfect  or  eminent  wlion  it  is  obtained  with  great 
ease,  affording  smooth,  lustrous  surfaces,  as  in  mica,  topaz,  calcite.  Inferior 
degrees  of  cleavage  are  spoken  of  as  distinct,  indistinct  or  imperfect,  inter- 
rupted, in  tracei,  diJjiouU.  These  terms  are  sufficiently  intelhgible  without 
further  explanation.  It  may  be  noticed  that  the  cleavage  of  a  species  is 
eometiines  Detter  develoi>ed  in  mme  of  its  varieties  than  in  others. 

(h)  Cleavage  is  also  named  acci!3<ding  to  the  direction,  ci^stallogmphically 
defined,  whicTi  it  takes  in  a  species.  When  parallel  to  the  basal  section  {O) 
it  is  called  baeal,  as  in  topaz;  parallel  to  the  prism,  as  in  amphihole,  it  is 
et^ieA.  priematio ;  also  maorodiagonal,  orthodiagonal,  etc.,  waen  parallel 
to  the  several  diametral  sections ;  parallel  to  the  faces  of  the  cabe,  octa- 

*  See  Iiirthet  on  n.  178. 
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hedroD,  dodecahedron,  or  rhombohedroD,  it  ie  called  eubic,  u  galenite; 
octiihedral,  as  fliiorite ;  dodecakedraZy  as  sphalerite ;  rhombohedral,  ai 
caltiite. 

Indmatel;  oonneoted  with  tihe  oleaTage  of  dr^staUiMd  miueiala  ai«  the  dirlslonal  planea  in- 
Teitigated  by  BeuBcb  (see  IiiteTatoie,  p.  1S3).  He  has  fonnd  that  itj  preMnre,  or  bj  a  aaddaa 
blow,  divisiomit  planea  Hie  in  laextj  cases  prodnoed  which  are  aiialOKOns  to  the  oleaT«ga 
planes.  The  first  he  oalla  GUitfl/iAen,  or  planes  in  which  a  sliding  ot  the  moleoalea  npon 
each  other  tokee  place.  Thua.  for  example,  if  two  oppoiita  iodetnhedial  edget  of  a  cubic 
oleavaga  mass  of  rook-salt  are  regalod;  flled  away,  and  the  maw  then  mbjacted  to  pzeaioM 
in  thia  ditectioii.  a  QieUfide/ia  is  obtained  parallel  to  the  dodecahedral  face. 

The%nies,aiL  the  o^ei  luuid,  obtained  bjablowca  a  toiwded  steel  point,  traced  porpen- 
dicnlar  to  the  natuiaJ  or  cleavage  faoe  of  aczfatAl,  are  called  by  him /racfure-jljnfrM  (&cUBg< 
flgnien}.  The  divisional-pLuies  in  this  oaae  appeur  as  cracks  dlTecging  from  Uie  point  when 
the  blow  has  been  made.  For  inatanoe,  on  a  oabio  faoe  of  took-salt  two  planes,  forming  a 
rectongolai  croM,  are  obtained  j  on  biaxial  mica,  a  aiz-rayed  (sometimes  thrae-rajed)  aha 
naolts  from  the  blow,  one  n;  of  which  ia  alwaya  pandlel  to  the  bndijdiagaul  axia  of  tbt 

3.  .Fhicture, — The  term  fracture  is  used  to  define  the  form  or  kind  of 
surface  obtained  by  breaking  In  a  direction  other  than  that  of  the  cleavage 
in  crystallized  minerals,  and  in  any  direction  in  maagive  minerals.  When 
the  cleavage  is  highly  i>erfect  in  several  directions,  as  the  cubic  cleavage  of 
galenite,  fracture  is  often  not  readily  obtainable. 
Fracture  is  defined  as : 

(a)  ConehoidijU/  when  a  mineral  breaks  with  curved  concavities,  more 
or  less  deep.  R  ie  an  called  from  the  resemblance  of  the  concavity  to  the 
valve  of  a  shell,  from  concha,  a  sAell;  fiiut. 

(h)  Mjen  ;  when  the  surface  of  fracture,  though  rough,  with  numeroiiB 
1  elevations  and  depressions,  still  approximates  to  a  plane  surface. 

Uneven^  when  the  sui-face  is  rough  and  entirely  irregular. 
)  Mackley  ;  when  the  elevations  are  shai-p  or  jagged ;  broken  iron. 
Other  terms  also  employed  are  earthy,  splintery,  etc. 


Id)  . 


By  the  hardness  of  a  mineral  is  understood  the  resistance  which  it  offers 
to  abrasion.  The  degree  of  Iiardness  is  determined  by  obeerving  the  ease 
or  difficulty  with  which  one  mineral  is  scratched  by  another,  or  by  a  file  or 
knife. 

In  ininerals  there  are  all  rrades  of  Iiardness,  from  that  of  a  substance 
impressible  by  the  finger-nail  to  that  of  the  diamond.  To  give  precision 
to  the  use  of  this  character,  a  acale  of  ftardmeaa  was  introduced  by  Moiia. 
It  is  as  follows: 

1.  Tato ;  common  laminated  light'^reeu  variety. 
%  OypsuTn. ;  a  crystalliz9d  variety. 

3,  Ciuoiis^  trausjiarent  variety. 

4.  Fluorite  /  crystaUiue  vanety.       ^p 
6.  Apatite  ;  transparent  variety. 
(5,6.  Scapolite ;  crystaHine  variety.) 

6.  Feldspar  (ortliouasu) ;  white  cfeavable  variety, 

7.  Quartz^  transparent  _, 
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8.  Topaz  f-  traDBparent 

9.  S<M>phire;  cleavable  varietiee. 
10.  Thamond. 

If  the  mineral  nnder  trial  ie  scratohed  by  the  file  or  knife  as  oafiily  as 
apai^ite,  itB  hardneBS  is  called  5  ;  if  a  little  more  easily  than  apatite  and 
not  BO  readily  as  fluorite,  its  haraaeae  is  called  4.5,  eta  For  minerals  as 
hard  or  hai-der  than  quartz,  the  file  will  not  answer,  and  the  relative  hard* 
nesB  is  determined  by  fiading  by  experiment  whether  the  given  mineral  will 
scratch,  or  oau  be  scratched  by,  the  BDcceBaire  minerals  in  the  scale. 

It  need  hardly  be  added  that  great  accuracy  is  not  attainable  by  the  above 
methods,  thoogh,  indeed,  for  all  mineralogical  purposes. exaetnees  ia  quite 
annecessary. 

The  interval  between  2  and  S,  and  5  and  6,  in  the  scale  of  Mohs,  being 
a  little  greater  than  between  Uie  other  nnmbers,  Breithaupt  proposed  a 
scale  of  twelve  minerals  ;  but  the  scale  of  Mobs  is  now  universally  accepted. 

Accurate  determinations  of  the  hardness  of  minerals  have  been  made  by 
Pi-anJcenheim,  Jirans,  Orailich  and  Peka/rek,  and  othera  (see  Literature, 
p.  122),  with  an  instrument  called  a  aolerometer.  The  mineral  is  placed  on 
a  movable  carriage  with  the  surface  to  be  experimented  upon  horizontal ; 
this  is  brought  iu  contact  with  a  steel  point  (or  diamond-pomt),  fixed  on  a 
support  above;  the  weight  ia  then  determined  which  is  just  sufficient  to 
move  the  carriage  and  produce  a  scratch  on  the  surface  of  the  mineral. 

By  meuns  of  such  an  instrument  ttie  hardness  of  the  different  faces  of  a 
given  crystal  lias  been  determined  in  a  variety  of  cases.  It  has  been  foond 
that  differaut  planes  of  a  cn'Stal  differ  in  hardnesB,  and  the  same  plane  dif< 
fers  as  it  is  sci-atched  in  dinerent  directions.  In  general,  the  hardeat  plane 
is  that  which  is  intersected  by  the  plane  of  most  complete  cleavage.  And 
of  a  single  plane,  which  is  intersected  by  cleavage  planes,  the  direction 
perpendicular  to  the  cleavage  direction  is  the  softer,  tliose  parallel  to  it  the 
narder. 

This  anbjaot  haa  been  reoeiitlj  inTeatigaited  by  Exner  (p.  18S),  who  hu  given  the  form  of 
ttieourou  t/Aai-drxM  for  the  different  pUnea  of  man?  or^Btala.  These  cnrvea  are  obtained  ai 
[oUowa:  the  leaat  weight  required  to  aoratch  a  oiTBtalline  aaifaoe  In  diSeient  direodona, 
for  each  10°  or  16°,  Irota  0°  to  180',  i«  determined  with  the  aclcrometar ;  theae  direction* 
are  laid  off  aa  radii  &om  a  centre,  and  the  len^fth  of  each  ia  made  proportional  to  the  we^ht 
fixed  by  experiment,  that  ia,  to  the  haidnese  thoa  determined:  the  line  oonneotin^  Iha 
ntremitiaa  of  these  radii  ia  the  oozre  of  haidneaa  for  Um  given  plane. 

0.  Tknaotit. 

Solid  minerals  may  be  eitlier  brittle,  sectile,  malleable,  flexible,  or  elastia.   ' 

(a)  £riitle ;  when  parts  of  a  mineral  separate  in  powder  or  grains  on 
attempting  to  cut  it ;  calcite. 

(i)  Secttle,'  when  pieces  may  be  cut  oS  with  a  Iinife  without  falling  to 
liowder,  but  still  the  mineral  pulverizes  under  a  haLimer.  Thia  character 
IB  intermediate  between  brittle  and  malleable ;  gypsum. 

(o)  JUaUaable;  when  slices  may  be  cut  off,  and  these  slices  flattened  ont 
under  a  liammer ;  native  gold,  native  silver. 

(tl)  FlexMe:  when  the  mineral  will  bend,  and  remain  beat  after  the 
bendin;;  force  is  removed ;  tale. 
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{«)  MUutic  ;  when  after  being  beut,  it  will  spring  back  to  its  <irigiiis] 
jKieitioii ;  mica. 

The  elaatlcUyoi  o-yatallized  minerale  is  a  subject  of  theoretical  rather 
tlian  prautic;a1  importance.  The  sabiect  has  been  acoiiBtioallj  investieatetl 
by  Baviut  with  very  interesting  resnlta.  Keference  may  also  be  made  te 
tlie  investigations  of  Keiunaun,  aod  later  those  of  Voigt  and  G^roth.  The 
m<et  itnportaiit  principle  established  by  tliese  researuIieB  is,  as  staled  by 
Groth,  tnat  in  crystals  the  elasticity  (ooefScicnt  of  elastieity)  diffen  in 
different  directions,  but  is  the  same  in  all  directions  which  are  crystallo- 
sraphically  identical ;  hence  he  gives  as  the  definition  of  a  crystal,  a  solid 
m  which  tne  elasticity  is  a  function  of  the  direction. 

Intiiiiataly  oonneatod  with  the  gananl  rabjoota  beie  otmiddeied,  of  ooheakm  In  telktioa 
to  mineralB,  are  tba  Apirea  prodaoed  bj  etching  on  dystallme  faoes  (AetifijiiiTen.  Qtrvk.), 
tnTBrttgated  bj  Lejdolt,  and  Ut«r  by  Banmhaaer,  Erner,  and  ottiera.    This  method  of  inveatl- 

Etion  is  of  high  importance  aa  leTaaliog  the  moleoolar  Btmotnre  ol  thu  oiyatal ;  referenoe, 
werei,  rnnsC  be  made  to  the  origiiuJ  memoira,  whoaa  titl«a  are  given  betow,  for  the  foil 
disoaasion  of  the  Eubjeot, 

The  etching  is  pe^ormed  moatlf  by  aolventa,  as  iratel  in  lome  caMa,  mora  geneially  the 
Oidinaiy  mineral  adila,  or  canstin  aUoUiea,  alao  by  nteun  and  hydroflnoiio  aoid ;  the  latter  U 
«q>eoiall3'  powerful  in  it*  action.  The  flgnras  prodooed  are  in  the  majority  of  oaae*  angnlac 
depFBBiiona,  inch  aa  low  trian^Iar,  or  qnadrilateral  pynmida,  whoae  outlinea  mn  paiallel  to 
•ome  of  the  cryBtalline  edges,  la  some  oaaea  the  pl^ee  produced  oan  be  referred  to  oooor' 
ling'  ctyBtollogTvphio  planes.  Thiif  appear  alike  on  umilar  planes  of  oiystala,  and  faenoa 
■arve  to  diatinguiah  different  forms,  perhaps  in  appearance  identical,  aa  the  two  aeta  of  plnnoa 
in  the  ordinary  double  pyramid  of  qnarti ;  bo,  too,  they  reveal  the  compound  twinning  itiae- 
tuie  oommon  on  some  otyatala,  aa  quarti  (p.  09)  and  aiagonite. 

Analogoua  to  the  etchlng-hgorea  are  the  Sgniaa  produced  on  the  faoea  of  aomo  myitala  by 
the  loea  of  watet  (Vwwittem&gaQguien,  Qtrrn.)  Thia  aabjeot  baa  been  iBveatJgkted  bjr  F^M 
(Me  below). 

LjTB&A.TnBB. 
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IL  SPEOIFIO  GRA-VITT.* 

The  specific  gravity  of  a  raiueral  is  its  weight  compared  with  that  of  an- 
other Bubstanca  uf  equal  volmne,  wiioee  gravity  is  taken  at  unitj.  Id  the 
case  of  Bolids  or  liquids,  this  comparison  is  usually  made  with  water.  If  a 
oabic  inch  of  any  miucral  wci^lis  twice  as  much  as  a  cubic  inch  of  water 
(water  being  the  unit),  its  specific  gravity  is  2,  if  three  times  as  much,  it3 
apecific  gravity  is  3,  etc. 

The  direct  comparison  by  weight  of  a  certain  volume  of  twater  with  an 
equal  volume  oi  a  given  solid  is  not  often  practicable.  By  making  use, 
however,  of  a  familiar  principle  iu  iiydroatatics,  viz.,  that  tlie  weiglit  lost 
by  a  solid  immci-sed  in  water  is  equal  to  the  weight  of  an  equal  volume  of 
water,  tliat  is  of  the  volume  of  water  it  displaces, — the  detenniuation  of  the 
specific  gravity  becomes  a  very  simple  process. 

The  weiglit  of  the  solid  out  of  water  (w)  is  determined  by  weighing  in 
the  usual  manner;  then  the  weight  in  water  is  found  (■»'),  when  the  loss  by 
immersion  or  the  diSei'Oiice  of  the  two  weights  (w  —  w')  is  the  weight  of  a 
volume  of  water  etjual  to  that  of  the  solid  ;  finally  the  quotient  of  the  first 
weight  (t9)  by  that  of  the  equal  volume  of  water  as  determioed  (w  —  w') 
is  the  spocilic  gravity  ((?). 

Hence,  Q  = ; . 

V}  —  1ff 

For  example,  the  weight  of  a  fragment  of  quartz  is  found  to  be  4.534 
grains.  Its  weight  iu  water  =  2.817  grains,  and  therefore  the  loss  oi 
weight,  or  the  weight  of  an  equal  volume  of  water  =  1.717.  Coiiaequeuth 
4.534 

The  ordinary  method  for  obtaining  the  specific  gravity  of  firm,  aolicl 
minerals  is  first  to  weigh  the  specimen  accurately  on  a  good  chemical  baU 
ance,  then  BHS))eiid  ik  from  one  pan  of  the  balance  bv  a  horse-hair,  silk 
thread,  or  better  still  by  a  fine  platinum  wire,  iu  a  glass  of  water  con- 
veniently placed  beneath.  The  platinum  wire  may  be  wound  around  the 
specimen,  or  where  the  latter  is  small  it  may  he  made  at  one  end  into  a 
httle  spiral  support.  While  tlins  suspended,  tue  weight  is  again  taken  with 
the  same  care  as  before. 

The  water  employed  for  this  purpose  should  be  distilled,  to  free  it  from 
all  foreign  substances.  Since  the  density  of  water  varies  with  its  tempera* 
twMy  a  particular  temperature  has  to  be  selected  for  these  experiments,  in 


'  See  farther  on  p.  178.  O 
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order  to  obtain  amform  results:  60**  F.  is  the  most  convenient,  and  hai 
been  generally  adopted.  But  the  temperature  of  the  maximum  density  of 
water,  39.2"  F.  (4°  C.),  has  been  reuommeuded  as  preferable.  For  miuemla 
soluble  in  water  some  other  liquid,  as  alcohol,  benzene,  ettj,,  must  be  em- 
ployed, whose  Bpecilic  gravity  ((f)  ia  accurately  known ;  from  the  com- 
parison with  it,  the  Bpecific  gravity  ((?)  of  tJie  mineral  as  referred  to  water 
IB  determined,  as  by  the  formula: 

(?  = -;0. 

w  ~w' 

A  ■vetj  oODTsnlBiit  form  of  bftlasoe  is  ths  apinJ  talaaoe  of  JoUj.  whers  the  wel^t  Is  nie» 
mT«d  bj  the  toTHion  of  a  Bplntl  braaa  wire.  Ttie  reading,  which  give  the  naight  of  tlie  min- 
enJ  in  and  out  of  water,  are  obtained  i>y  observing  the  ooinoidenoe  of  the  index  with  it« 
Image  reQected  in  the  mirror  on  which  the  gradnation  la  made. 

A  form  of  balanoe  in  which  weights  «re  also  diapensed  with,  the  specific  graritT  being  read 
oB  from  a  scale  without  caloolation,  haa  leoentl;  been  described  b;  Fatiab  (Am.  J.  SoL,  III., 
X.,  8S2).     Where  great  accntaoj  is  not  required,  it  can  be  Teiy  convenient];  oaed. 

If  the  mineAl  is  not  solid,  but  pnlverulent-or  porous,  it  iB  best  to  reduce 
it  to  a  powder  ar.d  weigh  it  in  a  little  glass  bottle  (f,  373) 
873  called  a  pygnoraeter.     This  bottle  has  a  stopper  which 

fits  tightly  and  ends  in  a  tube  with  a  very  fine  opening. 
The  bottle  is  filled  with  distilled  water,  the  stopper  in- 
serted, and  the  ovei-flowing  water  carefully  removed  with 
a  soft  cloth.  It  is  now  weighed,  and  also  the  mineral 
whose  density  is  to  be  determined.  The  stopper  is  then 
removed  iind  the  mineral  in  powder  or  in  small  fragments 
inserted,  with  care,  so  as  not  to  introduce  air-bubbles. 
The  water  which  overflows  on  replacing  the  stopper  is 
the  amount  of  water  displaced  by  the  mineral.  The 
weight  of  the  pygnometer  with  the  enclosed  mineral  is 
determined,  and  the  weight  of  the  water  lost  is  obviously 
the  diffeience  between  mis  last  weight  and  that  of  the 
bottle  and  mineral  together,  as  first  determined.  The  specific  gravity  of 
the  mineral  is  equal  to  its  weight  aione  divided  by  the  weight  of  the  equal 
vohime  of  water  thus  detennined. 

Where  this  method  is  followed  with  sufficient  care,  especially  avoiding 
any  change  of  temperature  in  the  water,  the  results  are  quite  accurate. 
Other  methods  of  determining  the  specific  gravity  will  be  found  described 
in  the  literature  notices  which  follow. 

It  has  been  shown  by  &>se  that  chemical  precipitates  have  uniformly  a 
higher  density  than  belongs  to  the  same  substance  ii>  a  less  finely  divided 
state.  This  increase  of  density  also  characterizes,  though  to  a  less  extent, 
a  mineral  in  a  fine  stale  of  mechanical  subdivision.  This  is  explained 
by  the  condensation  of  the  water  on  the  sui-faco  of  the  powdei-. 

It  may  also  be  mentioned  that  the  density  of  many  substances  is  altered 
by  fusion.  The  same  mineral  in  different  states  of  molecular  aggregation 
may  differ  soujewhat  in  density.  Furthermore,  minerals  having  the  same 
ohem  teal  composition  have  sometimes  different  densities  corresponding  (O  the 
different  crystalline  forms  in  which  they  appear  (see  p.  199). 


For  all  minerals  in  a  state  of  average  pDritj  the  specific  gravity  is  one  of 
the  most  Important  and  constant  charactenetics,  a«  nreed  especially  by 
Breithanpt.  Every  chemical  analysis  of  a  mineral  sboala  be  accompanied 
by  a  careful  determination  of  its  density. 

Praetiad  mggationt. — The  fragment  token  shonld  not  ba  too  laige,  tMj  from  tvo  to  fln 
ftama  for  orduuiy  oases,  vmrylng  iomewhftt  with  the  densf^  of  Qk  minersl.  The  sabatanco 
miut  be  free  from  imparitiea,  internal  and  eztenutl,  and  not  poraos.  Oaie  tntut  be  taken  to 
exdnde  air-bnbblen,  and  it  will  often  be  found  well  to  moirten  the  nufooe  of  the  epeoimei] 
before  inaerting'  it  in  tha  water,  and  aomeUmee  boiling  ia  neoessai7  to  free  it  from  air.  If  it 
abM>rfaa  water  tiiia  Uttar  prooaa  moat  be  allowed  to  go  on  till  tiie  mbatonoe  ia  fally  aatn- 
nited.  No  aocnnte  detenniiutioiia  onn  be  made  muaaa  the  ohangea  of  temperature  are 
i^orouaij  excluded  and  IIm  actual  tempentma  noted. 

In  a  meohanioal  mixtnre  of  two  oonilitiiBntB  in  known  {Koportlona,  when  the  qteoiflo 
pavitj  of  the  whole  and  of  one  are  known,  that  of  the  otliBr  OMi  be  leadiltr  obtained.  Thii 
method  ia  often  important  in  the  atody  of  rooka. 
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IIL  LIGHT.* 

% 

Before  considering  the  distingnishing  optical  properties  of  crystals  of  the 
different  systems,  it  is  desirable  to  review  briefly  some  of  tlie  more  im> 
portant  principles  of  optics  npou  which  the  phenomena  in  qneation 
depend. 

JUTature  of  light. — In  accordance  with  the  undnlatory  theory  of  Hny- 
Gchens,  as  further  developed  by  Yonng  and  Fresnel,  light  is  conceived  to 
consist  in  the  Tibi-ations,  transverse  to  the  direction  of  propagation,  of  the 
particles  of  imponderable,  elastic  ether,  which  it  is  assumed  pervades  all 
space  as  well  as  all  material  b^nlies.  These  vibrations  are  propagated  wiUi 
great  velocity  in  straight  lini>.s  and  in  all  directions  from  tne  Inminous 
point  and  the  sensation  which  thoy  produce  on  the  nerves  of  the  eye  ia 
called  light. 

The  nature  of  the  vibrations  will  be  nnderstood  from  f.  874.  If  AB 
leproflcntB  the  direction  of  propagatioa  of  the  light-ray,  each  particle  of 
ether  vibrates  at  right  angles  to  this  u  s  line  of  equilibrium.    The  vibta- 

*  Sm  fanhw  on  o&  177  at  na 
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tioti  of  tlie  fii-st  particle  induces  a  Bimilar  movement  in  the  adjaceot  pai> 
lido ;  this  is  commniiiuated  to  the  next,  and  bo  od.  Tbo  particles  vibrate 
success ivtily, from  tlie  liiie^^  to  a  distance  corresponding  to  ^'.called  the 
amplitu-ie  of  the  ^'iliiation,  then  return  to  b  and  pass  on  to  o",  and  bo 

*74 


on.  Thns  at  a  given  instant  there  are  particles  occnpjiiig  all  poaitions, 
from  that  of  the  extreme  distance  b',  or  </,  from  the  line  of  equilibrinm  to 
tliat  on  this  lino,  lu  this  way  the  wave  of  vibration  moves  forwai'd,  while 
the  motion  of  the  particles  is  only  transverse.  In  the  figure  the  vibrations 
ai-e  ropi-esented  in  one  plane  only,  biU  in  ordinary  light  tliey  take  place  in 
all  directions  about  the  line  AB.  Tlie  distance  between  any  two  particles, 
which  are  in  like  positions,  of  like  phaae,  as  b'  and  c',  is  called  tlie  wave- 
length :  and  the  time  required  foi-  tnis  completed  movement  is  called  the 
ttTne  of  vibration.  The  intensity  of  the  light  varies  with  the  amplitude  of 
the  vibitttions,  and  the  color  depends  upon  the  length  of  the  waves ;  tlie 
wavc-leiigtiiB  of  tlie  violet  rays  are  shorter  than  those  of  the  red  rays. 

Two  waves  of  like  phase,  propagated  in  the  same  direction  and  of  equal 
intensity,  on  meeting  unite  to  form  a  wave  of  double  intensity  (double 
amplitude).  If  tlie  waves  differ  in  phase  by  half  a  wave-length,  or  an  odd 
jniiltij>le  of  this,  they  interfere  and  extingniah  each  other.  For  other  rela- 
tions of  phase  they  are  also  said  to  interfere,  forming  a  new  resultant  wave, 
differing  in  phase  and  amplitude  from  eacli  of  the  component  waves;  if 
they  are  waves  of  white  light,  their  intei-ference  is  indicated  by  the  appear- 
antio  of  the  successive  colors  of  the  spectrum.  The  propagation  of  the 
vibration-waves  of  light  is  sometimes  compared  to  the  effect  produced 
when  a  pebble  is  thi'own  in  a  sheet  of  quiet  water — a  series  of  concentric 
circular  waves  are  sent  out  from  the  point  of  agitation.  These  waves  con- 
sist in  the  transvei-se  vibration  of  the  pbiiicles  of  water,  the  waves  move 
forward,  but  tlie  water  simply  vibrates  to  and  fro  vertically. 

The  waves  of  light  are  propagated  forward,  in  an  analogous  manner,  in 
all  directions  frein  the  Uiminous  point,  and  the  surface  which  contains  all 
tlie  particles  which  commence  their  vibrations  simultaneously  is  called  the 
wave-surface  (Wellenflache,  Germ.). 

If  tlie  prapagation  of  light  goes  on  with  the  same  velocity  in  all  direc- 
tions in  a  bomugeneous  medium,  the  wave-surface  is  obviously  that  of  a 
Bphoro  and  the  medium  is  said  to  be  iaotrope.  If  it  takes  piftce  with  dif- 
ferent velocities  in  diffei'ent  directions  in  a  body,  the  wave  surface  is  sonie- 
tiuies  an  ellipsoid,  but  never  spkerical,  as  Is  uiown  later;  such  a  )xyly  ii 
(Milled  aniaotrope. 

All  the  phenomena  of  optics  are  explained  upon  the  suppoeiticm  of  isariet 
of  light,  whose  change  of  direction  accompanies  refraction,  whose  interfer- 
ence Dixxluces  the  colored  bands  of  the  diffraction  spectra,  etc.  For  the 
full  diBousaioD  of  the  aubjeot  reference  must  be  made  to  works  on  optica. 
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.RefVat^ion. — A  ray  of  light  passing  through  a  boiiic^neoas  tnedinm  ia 
klwavB  propagated  in  a  straight  line  without  deviation,  Wheu,  howeror, 
the  light-ray  poaseB  from  one  medidni  to  another,  which  ia  of  different 
density,  it  suffers  a  change  of  direction,  which  ia  called  refraction.  For  in- 
Slauue,  in  f.  375,  if  ca  is  a  ray  of  li^tpHeiug  fi-om  air  into  water,  its  path 
will  be  changed  after  paming  the  aurface  at 
•,  and  it  wifl  continue  in  the  direction  ab.  *™ 

Conversely,  if  a  ray  of  light,  ia,  pass  from 
the  denser  medium,  water,  into  the  rarer 
medium,  air,  at  a,  it  will  take  the  direction 
ao. 

If  now  moo  ia  a  perpendicular  to  the  aui^ 
face  at  a,  it  will  be  seen  that  the  angle  mm, 
called  the  angle  of  incidence  {i)  of  the  ray 
ea  is  greater  man  the  angle  bao,  called  the 
angle  of  refraction  (r),  and  what  is  observed 
in  this  case  is  found  to  be  universally  true, 
^  and  the  law  is  expressed  as  follows : 

A  ray  of  tight  in  paesmg  from  a  rarer 
to  a  denser  medium  is  refraked  towasdc 

the  j)erpendia\ilar ;  if  from,  a  denser  to  a  rarer  medium  it  ia  refracted 
AWAT  FROM  the  perpmoicvlar. 

A  further  relation  has  also  been  established  by  experiment :  however 
great  or  small  the  angle  of  incidence,  cam  (t),  may  be,  there  is  always  a 
(onstaut  lelation  between  it  and  the  angle  of  refraction,  ^am  (r),  for  two 
given  substances,  as  here  for  air  and  water.  This  is  seen  in  the  figure  where 
af  and  da  are  the  sines  of  the  two  angles,  and  their  ratio  (=  f  nearly)  is 
tlie  same  ae  that  of  the  sine  of  any  other  angle  of  incidence  to  the  sine  of 
its  angle  of  refraction.     This  principle  is  expressed  as  follows : 

The  sine  of  the  angle  of  incidence  bea^a  a  constajU  ratio  to  the  sine  of 
the  angle  of  re/raction. 

This  constant  ratio  between  these  two  angles  is  called  the  index  ofrefrao- 

tion,  or  simply  n.     In  the  example  given  for  air  and  water  -; —  =  l.SSi, 

and  consequently  the  value  of  the  index  of  refraction,  or  »,  is  1.3S5. 

The  folmwing  table  includes  tlie  values  of  n  for  a  vai-iety  of  BubstaBcea. 
For  all  crystallued  minerals,  ext-ept  those  of  the  isometric  system,  the  index 
of  refraction  has  more  than  one  value,  as  is  explained  in  ttie  pages  which 
follow. 

Ice 1.308  Calcite 1.654 

Water 1.335  Aragonite l.6»3 

JPlttortte 1.486  Boracite 1.701 

Alum 1.457  Garnet. 1.816 

Chalcedony 1.558  Ziroon 1.961 

Rock-salt 1.657  Blende 2.260 

Quarto....... 1.548.  Diamond 2.419 

Jd  te  ]Ainciple  which  has  been  stated,  -: —  =  n,  twc  points  are  to  be 
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noted.    First,  if  the  angle  i  ~  0",  then  Bin  i  =  0,  and  obvionalj  sIbo  r^0_ 
\:i  other  wordB,  when  the  ray  of  light  coincides  with 'the  perpeadicnlar  no 
refraction  takes  place,  the  ray  proceeding  onward  into  the  second  mediom 
withoQt  deviation. 
Again,  if  the  angle  i  =  90°,  then  sin  i  =  1,  and  the  equation  above  be< 

ooines  -i — -  =  n,  or  sin  *•  =  - .    As  n  has  a  fixed  value  for  every  subEtance, 
Bin  r  n  J  -1 

It  is  obvious  that  there  will  also  he  a  corresponding  valne  of  the  angle  r 

for  the  case  mentioned.     From  the  above  table  it  is  seen  that  for  water 

sin  r  =  -"^■,  and  r  =  48°  35' ;  for  diamond,  sin  r  =  tj-j-t,  and  r  =  24"  25'. 

In  the  example  employed  above,  if  the  angle  too  (r)  =  48"  86',  the  line  ae 
will  coincide  with  o^sapposing  the  light  to  go  from  h  to  a.  If  r  is  gi-eater 
than  48"  35',  the  ray  no  longer  passes  from  the  water  into  the  air,  but  suffers 
total  refiection  at  the  sarface  a.  This  value  pf  r  is  said  to  be  the  limiting 
valne  fur  the  given  substance.  The  smaller  it  is  the  greater  the  amount  of 
light  r^ected,  and  the  greater  the  apparent  hrHliancy  of  the  substance  in 
rjueetion.     This  is  the  explanation  of  the  brilliancy  of  the  diamond. 

Det^'minatiot*  (^  the  index  qf  refraction.* — By  means  of  a  priam,  as 
MNP  in  f.  376,  it  is  possible  to  determine 
the  value  of  n,  or  index  of  refraction  of  a 
given  substance.  The  full  explanation  of 
uiis  subject  belongs  to  worts  on  optics,  but 
a  word  is  devoted  to  it  here.  If  the  material 
is  solid,  a  prism  must  be  cut  and  polished, 
with  its  edge  in  the  proper  direction,  and 
having  not  too  small  an  angle.  If  the  refrac- 
tive index  of  a  liquid  is  required,  it  is  placed 
within  a  hollow  prism,  with  sides  of  plates  of  glass  having  both  surfaces 
parallel. 

The  angle  of  the  prism,  MN P  (a),  is,  in  each  case,  measured  in  the 
same  manner  as  the  angle  between  two  planes  of  a  crystal,  and  then  the 
fmnirmim,  amount  of  deviation  (S)  of  ^inonochromatiG  ray  of  light  passing 
from  a  slit  thi-ongh  the  prism  is  also  determined.  The  amount  of  deviation 
of  a  ray  in  passing  through  the  prism  varies  with  its  position,  but  when  the 
prism  is  so  placed  that  the  ray  makes  equal  angles  with  the  sides  of  the 
prism  (t  =  ^ ,  f.  376),  both  when  entering  and  emerging,  this  deviation  hai 
tkficed  Tninimum  valne. 
If  S  =  the  minimum  deviation  of  the  ray,  and 

a  ^  tKe  angle  of  the  priam,  then  n  = 4^^ '. 

Rinia 
In  determining  the  valne  of  n  for  different  colors,  it  is  desirable  to  employ 
rays  ofiknown  position  in  the  spectrum. 

DoiAle  refraction. — Hitherto  the  existence  of  only  one  refracted  ray  has 
been  assumed  when  light  passes  from  one  medium  to  another.  But  it  ia 
a  well-known  fact  that  there  are  sometimee  two  refracted  rays.  The  most 
fiunitiar  example  of  this  is  fnmished  by  the  mineral  calcite,  also  nailed  on 


account  of  this  property  "  doubly-refracting  spar." 
If  itmojp  (f.  377)  oe  a  cleavage  piece  of  calcite.  and  a 


ray  of  lif^tn 


*  See  further  on  p.  177.        ^       "7,    v^.i^myn 
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It  ftt  h,  it  will,  in  paeaing  throneh,  be  divided  into  two  rays,  ba,  (x» 

Bimilarly  a  line  seen  through'  a  piece  of  caluite  ordi- 

naiil;  appeara  double.  BT7 

It  wiU  be  seen,  however,  that  the  same  property  is 
enjoyed  by  the  great  majority  of  crystallized  minerals, 
thoogh  in  a  less  striking  degree. 

Jieflection, — When  a  ray  of  lieht  passes  from  ODe 
medinin  to  another,  for  example,  from  air  to  a  denser 
substance,  as  has  been  illustrated,  the  light  will  be  par- 
tially transmitted  and  refracted  by  the  latter,  in  the 
manner  illnatrated,  but  a  portion  of  it  (the  ray  aff,  la  i.  373),  is  always 
reflected  back  into  the  air.  The  direction  of  the  reflected  ray  is  known 
in  accordance  with  the  following  law : 

The  angUa  of  incidence  and  refiection  are  equal. — In  f.  375  the  angle 
cam  is  equal  to  the  angle  Tnag. 

The  relative  amount  of  light  reflected  and  transmitted  depends  npon  the 
angle  of  iucideiioe,  and  also  upon  the  transparency  of  the  second  mediuni. 
If  the  surface  of  tlie  latter  is  not  perfectly  polished,  diffuse  reflection  will 
take  place,  and  there  will  be  no  distinct  reflected  ray. 
■  Still  another  important  principle,  in  relation  to  the  same  snbjoct,  remains 
to  be  enunciated :  The  raya  of  incidence,  reflection,  and  refractior. 
im  the  same  plane. 

J}iapersion. — Thus  far  the  change  in  direction  which  a  ray  of  lighi 
on  refraction  has  alone  been  considered.     It  is  also  tnie  that  tho 
of  refraction  differs  for  the  different i' colors  of  which  ordinary  whii 
is  composed,  being  greater  for  blue  than  for  red.     In  conseqiience 
fact,  if  a  ray  of  ordinary  light  pass  through  a  prism,  as  in  i.  376,  «l  ...i 
not  only  he  refracted,  but  it  will  also  bo  separated  into  its  component  colors 
thus  forming  the  spectrum. 

This  variation  for  the  different  colors  depends  directly  npon  their  wave 
lengths ;  the  red  rays  have  longer  waves,  and  vibrate  more  slowly,  anc 
hence  suffer  less  refraction  than  Uie  violet  rays,  for  which  tlie  wave-length: 
are  shorter  and  the  velocity  greater. 

Interference  of  light;  diffraction. — When  a  ray  of  monochromatic  lighf 
is  made  to  pass  through  a  narrow  slit^or  by  the  edge  of  an  opaque  body 
it  ia  diffraoted,  and  tliere  arise,  aa  may  be  observed  upon  an  appropriatclj 

E laced  screen,  a  series  of  dark  and  light  bands,  growing  fainter  on  the  </iif:ci 
mits.  Their  presence,  as  has  been  intimated,  is  explained  in  accoid.incr 
with  the  nndulatory  theory  of  light,  as  due  to  the  interference,  or  niiituiil 
reaction  of  the  adjoining  waves  of  light.  If  ordinary  light  is  empU\vi>d, 
the  phenomena  are  the  eamo  and  for  the  same  causes,  except  that  the  baudi 
are  successive  spectra.  Diffi-action  gratings,  consisting  of  a  series  of  ex 
tremely  fine  lines  very  closely  ruled  uponvTass,  are  employed  for  tho  STiit 
purpose  aa  the  prism  to  produce  the  colored  specrTiim.  The  fatniliui 
phenomena  of  the  colors  of  thin  plates  and  of  Newton's  Hum  depend  nix^r 
the  same  principle  of  the  interference  of  the  light  waves.  This  subject  i 
one  of  the  highest  importance  in  its  c-onnection  with  the  optical  propeitie 
of  ct^stals,  since  the  phenomena  observed  when  they  are  viewed,  iinde 
certain  circumstances,  in  polarized  light  are  explained  in  an  at  V^-<ii 
ouuiner.     (Compare  the  colored  plate,  frontispiece.)    p  ».it.niviC 

9  c> 
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Pi'hirisation  hy  rejection. — Br  polarisation  is  nndcrBtood,  in  general, 
that  change  io  the  character  of  reflected  or  Iranamitted  light  wbicli  dimin- 
iahe«  its  power  of  being  further  reflected  or  transinitted.  In  accordance 
with  the  iitidiilatory  tlieoiy  of  light  a  ray  of  polarized  light  iB  one  whose 
Tihmtione  take  place  in  a  single  plane  only. 

Suppose  (f.  37S)  mn  and  op  to  be  two  parallel  mirrors,  say  simple 

polished  pieces  of  black  glass ;  a  my  of  light,  AB, 

ST8  will  be  reflected  from  mn  in  the  direction  BO, 

^»  ^,,^  and  meeting  op,  will  be  again  reflected  to  D. 

/Jh""'^  When,  as  here,  the  two  mirrors  are  in  a  parallel 

/a  fr\^  position,  the  plane  of  reflection  is  clearly  the 

Vr]     ^^«  same  for  both,  the  angles  of  incidence  arc  eqnal, 

and  the  rays  AB  and  CDok  parallel.     The  ray 

CJD  is  polarised,  although  this  does  not  show 

itself  to  the  eye  direct 

Now  let  the  mirror,  op,  be  revolved  abont  BO 
as  an  axis,  and  let  its  position  oUierwise  be  un- 
changed, so  that  the  angles  of  iiicidenc-e  still 
remain  eqnal,  it  will  be  fonnd  that  the  reflected 
ray,  6'/*,  loses  more  and  more  of  its  brilliancy  as 
tlie  revolution  continues,  and  when  the  mirror, 
op.  occnpies  a  position  at  right  angles  to  its 
-'inner  position,  the  amount  of  light  reflected  will  be  a  minimum,  tlie 
ilatics  of  reflection  being  in  the  two  cases  perpendicular  to  one  another. 

If  the  revolntion  of  the  mirror  be  continued  with  the  same  conditions  as 
b<  .oi-e,  and  in  the  same  direction,  the  reflected  ray  will  become  brighter 
and  brighter  till  the  mirror  has  the  position  indicated  by  the  dotted  line, 
w^',  when  the  planes  of  reflection  again  coincide,  and  the  reflected  ray,  OD\ 
ii  cqiiiil  in  brilliancy  to  tliat  previously  obtained  for  the  position  CjO. 

The  same  diminution  to  a  ininimuin  will  be  seen  if  the  revolntion  is  con- 
ti(ii!e<l  90°  farther* and  the  reflected  ray  again  becomes  as  brilliant  as  before 
when  ,he  mirror  resumes  its  lii-st  position  m>, 

III  he  above  description  it  was  asseitea  that,  when  the  planes  of  inci- 
di'iKi'  of  the  mirrors  were  at  right  angles  to  each  other,  the  amonnt  of  light 
rctk'ci'id  would  be  less  than  in  any  otner  position,  that  is  a  minimum.  For 
ono  Ri'  gle  position  of  the  mirrore,  however,  as  they  thus  stand  perpendicular 
t>>i.'a(;ii  other,  that  is  for  one  single  value  of  the  angle  of  incidence,  the 
light  -vill  be  practically  extinguished,  and  no  reflected  ray  will  appear 
fi-om  tlie  second  mirror. 

The  angle  of  incidence,  ABH,  for  this  case  is  called  the  angle  of  polar- 
iziifio  ',  and  its  value  varies  for  different  substances.  It  was  shown  furUier 
hy  liiL-wBter that: 

'  Thts  angle  of  polarisation  is  that  angle  tehone  tangent  is  the  index  of* 
refraction  of  the  reflecting  eubstance,  i.e.,  tan  »  =  n. 

E\ai'tly  tlie  same  phases  of  change  would  have  been  observed  if  the 
ap^ier  mirror  had  been  revolved  in  a  similar  manner.  The  flrst  mirror  is 
often  chilled  iha  polariser,  the  second  the  analyzer. 

Thi-  change  which  the  liglit  suffers  in  this  case,  ii:  conse^aence  of  re- 
flecti'>, ,  is  iM\GA  polarisation. 
In  ' '  der  to  give  a  partial  explonatioa  of  this  phenomenon  and  to  inaka 
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the  aame  subject  intuUigible  as  applied  to  nther  cases  iti  which  polarization 
occurs,  reference  must  do  made  to  the  commonly  received  theory  of  the 
nature  of  liglit  already  defined. 

The  phenomena  of  livht  are  explained,  as  has  been  stated,  on  the  asenmp- 
tioii  that  it  consists  of  the.  vibi-atibne  of  tlie  ether,  the  vibrations  being 
transvei-fle,  that  is  in  a  plane  pei-pendicnlar,  to  the  direction  in  whioh  the 
h'ght  is  propagated.  Tliese  vibrations  in  ordinary  lij^ht  tal;e  place  in  all 
directions  in  this  plane  at  sensibly  the  same  time ;  strictly  speaking,  the 
vibi-ationy  are  considered  aa  being  always  transverse,  bnt  their  directions 
are  constantly  and  instantaneously  changin?  in  azimuth.  Snch  a  ray  of  light 
is  alike  on  all  sides  or  all  around  the  Tine  of  propagation,  A£,  t.  374. 
A  ray  of  completely  polarized  light,  on  the  other  Iiand,  has  vibrations  in 
om  airection  only,  that  is  In  a  single  plane. 

These  principles  may  be  applied  to  the  case  of  reflection  already  de- 
sci'ibed.  The  ray  of  ordinary  light,  AB,  has  its  vibrations  sensibly  simul- 
taneous in  all  diiections  in  the  plane  at  right  angles  to  its  line  of  propaga- 
tion, while  the  light  reflected  from  each  mirror  has  only  those  vibrations 
which  ore  in  ojie  direction,  at  right  angles  to  the  plane  of  reflection — 
supposing  that  the  mirrors  are  so  placed  that  the  angle  of  incidence 
(Aaff)  IS  also  the  angle  of  polarization. 

If  the  mirror  occupy  the  position  represented  in  f.  378,  the  ray  of  light,- 
BO,  after  being  reflected  by  the  first  mirror,  mn,  contains  that  part  of  the 
vibration?  whos^  direction  is  normal  to  its  plane  of  reflection  called  the 
plane  of  pol/iriz^v/n.  This  is  also  true  of  the  second  mirror,  and  when 
they  are  parallel  and  their  planes  of  reflection  coincide,  the  ray  of  light  is 
reflected  a  second  time  without  additional  change. 

If,  however,  the  sewnd  mirror  is  revolved  in  tlie  way  described  (p.  130), 
leas  and  less  of  the  light  will  be  reflected  by  it,  since  a  snccessively  smaller 
part  of  the  vibrations  of  the  ray  5(7  take  place  in  a  direction  normal  to 
its  plane  of  reflection.  And  when  the  mirroi-s  are  at  right  angles  to  eocii 
.jther,  after  a  revolution  of  op  90°  about  the  line  BC  as  an  axis,  no  part  of 
the  vibrations  of  the  nw  BGatz  in  the  plane  at  right  angles  to  the  reflec- 
tion-plane of  the  second  mirror,  and  hence  the  light  is  extinguished. 

By  reference  to  f.  375  this  subject  may  be  explained  a  little  moi-e  broadly. 
It  was  seen  that  of  the  ray  ca,  meeting  the  surface  of  the  water  at  a,  part  is 
reflected  and  part  transmitted  in  accordance  with  the  laws  of  reflection 
and  refraction.  It  has  been  shown  further  that  the  reflected  ray  is  polar- 
ized, that  is,  it  is  changed  so  that  the  vibrations  of  the  light  take  place  in 
one  direction,  at  right  angles  to  the  plane  of  incidence.  It  is  also  true  that 
the  refracted  ray  is  polarized,  it  containing  onlv  those  vibrations  which 
wei'e  lost  in  the  reflected  ray,  that  is,  those  which  coincide  with  the  plane 
of  incidence  and  reflection. 

It  was  stated  that  the  vibrations  of  the  polarized  reflected  ray  take  place 
of  right  angles  tc  the  plane  of  polarization.  This  is  the  assumption  which 
is  oommonly  made ;  but  all  the  phenomena  of  polarization  can  be  equally 
well  explained  upon  the  other  supposition  that  they  coincide  with  this 
plane. 

The  separation  of  the  ray  of  ordinary  light  into  two  rays,  one  reSeeted 
the  other  refracted,  ribrating  at  right  angles  to  each  ether,  takes  place  most 
iioaiplotely  when  the  reflected  and  refracted  rays  are  90°  from  one  another, 
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as  Droved  by  Brewster.  From  this  fact  follows  the  law  aireaci;  stated, 
tliat  the  taiigeat  of  the  angle  of  polarization  ie  equal  to  the  index  of  re- 
fraction.    Tlie  angle  of  polurization  for  fflasa  is  about  54°  35'. 

This  separation  is  in  no  case  absolute^  complete,  bnt  varies  with  differ 
ent  sul]Etances.  In  the  case  of  opaqne  substances  the  vibrations  belonging 
to  the  refracted  ray  are  more  or  less  completely  absorbed  (compare  remarks 
on  color,  p.  168).     Metallic  surfaces  polarize  the  light  very  slij^htly. 

Pola/rization  by  meana  of  thin  plates  of  glass. — It  has  been  explained 
that  the  light  which  has  been  transmitted  and  refracted  is  always  at  least 
Id  part  polarized.  It  will  be  readily  understood  from  this  fact  that  when  a 
number  of  glass  plates  are  placed  together,  the  light  which  passes  through 
them  all  wfl!  be  more  and  more  completely  polarized  as  their  number  is 
increased.  This  is  a  second  coiiveDient  metliod  of  obtaiuing  polarized 
light. 

Polarisation  hy  means  of  iourmaiine plates. — The  phenomena  of  polar- 
ized light  may  also  be  shown  by  means  of  tonrnialine  plates.  If  from 
a  crystal  of  tourmaline,  which  is  suitably  transparent,  two  sections  bo 
obtained,  each  cut  parallel  to  tlie  vertical  axis,  it  will  be  foimd  that 
these,  when  placed  together  with  the  direction  of  their  axes  coinciding, 
allow  the  light  to  pass  tlirough.  If,  however,  one  section  is  revolved  npou 
the  other,  less  and  less  of  the  light  is  transmitted,  until,  when  their  axes  are 
at  ri^t  angles  (90°)  to  each  other,  the  light  is  (for  the  most  part)  cutin- 
gutshed.  As  the  revolution  is  continued,  more  and  more  h'ght  is  obtained 
uirough  tho  sections,  and  after  a  revolution  of  180°,  the  axes  being  again 
parallel,  the  appearance  is  as  at  first.  A  further  revolution  (270°)  bringg 
the  axes  again  at  right  angles  to  each  other,  when  the  light  is  a  second  time 
extinguished,  and  so  on  around. 

The  explanation  of  these  phenomena,  so  far  as  it  can  be  given  here,  is 

analogous  to  that  employed  for  the  case  of  polarization  by  r^ 

879         flection.      Each  plate  so  affects  the  ray  of  light  tliat  after 

jj^^^mi      having  passed  through  it  there  exist  vibrations  in  one  direction 

l^^^h      ou\y,  and  that  parallel  to  the  vertical  axis,  the  otlier  vibrations 

^^^H      being  absorbed.     If  now  the  two  plates  are  placed  in  tlie  samu 

^^^H      position,  abdc,  and  e/gh  (f.  379),  tne  light  passes  through  both 

^^^^1     in  siKxession.     If,  however,  the  one  is  turned  upon  the  other, 

^^^^P     only  tliat  portion  of  tlie  liglit  can  pass  through  which  vibrates 

jr         J,       still  in  the  direction  ac.      This  portion  is  determined  bv  the 

resolution  of  the  existing  vibrations  in  accordance  witit  the 

principle  of  the  parallelogram  of  forces.     Consequently,  when  the  sections 

stand  at  right  angles  to  each  other  (f.  3S0)  the  amount  of 

380  transmitted  light  is  nothing  (not  strictly  true),  tliat  is,  the 

•      light  is' extinguished. 
The  tourmaline  plates,  which  have  been  described,  are 
moiuited  in  pieces  of  cork  and  held  in  a  kind  of  wire 
^     pincers  (f.  381).     The  object  to  be  examined  is  placed 
between  them  and  supjKirted  there  by  tlip  spring  in  the 
wire.      In  use  they  are  held   close  to   the   eye,  and  Id 
this  position  the  object  is  viewed  in  oonweryiTw  polarized  light 

Polarisation  by  meana  of  JVtcol  prisms. — The  most  convenient  method 
of  obtaining  polarized  light  is  by  means  of  a  Ifiisol  j>riam  of  calcite.    A 

n  .J  ii,-j'- ■;■-  V-  it.n.is;iC 
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desvsge  rhombohedroQ  of  <^cite  (the  variety  Iceland  spar  a  amvenaUy 
need  ia  consequeoce  of  its  traDBparenuy)  is  obtained,  having  four  large  aud 
two  Biiiall  rhomboliedral  faces  opposite  each  other.     In  place  of  the  latter 


planes  two  uew  earfaces  are  cat,  niaking  anglea  of  C8°  (instead  of  71°)  with 

the  obtiifie  vertic;al  edges ;  these  then  form  tlie  terminal  facee  of  the  pi'iBin, 

In  addition  to  this,  the  prism  ia  cut  through  in  the  direction  HJI  (f.  882), 

the  parts  then  polished  and  cemented  together  again  with 

Canada  balsam.     A  ray  of  light,  ai,  entering  the  priam  888 

ia  divided  into  two  rays  polarized  at  right  angles  to  each  T 

other.     One  of  theae,  bo,  on  m^^Ag  the  layer  of  balsam  ' 

(whose  refi-active  index  is  ^EnUir  than  that  of  caloite) 

sufFere  total  reficetion  (p.  1S8),  and  ia  deflected  against  the 

blackened  eidee  of  the  prism  and  extinguished.     The  other 

pasBea  throngh  and  emerges  at  6,  a  completely  polarized 

ray  of  light,  that  is.  a  ray  with  vibrations  in  one  direction 

onlv.  and  that  the  direction  of  the  shorter  diagonal  of  the 

prisin  (f.  3S3). 

It  is  evident  that  twoNicol  prisms  can  be  naed  together 
in  the  same  way  as  the  two  tourmaline  plates,  or  the  two 
miri-ors;  one  is  called  the  polariser,  and  the  other  the 
analyzer.  The  plane  of  p(jrarization  of  the  Niool  prisms 
has  the  direction  PP  (f.  383)  at  right  angles  to  which  the 
vibrations  of  the  light  take  place,  A  ray  of  light  pass- 
ing through  one  Nicol  wilt  be  extinguished  by  a  second 
when  its  plane  of  polarization  id  at  right  angles  to  that  of 
the  first  prism ;  in  this  ca9e  the  Nicols  are  said  to  l»e 
Grossed.  The  N'icol  prisms  have  the  great  advantage  over  the  totirmflline 
plates,  that  the  light  they  transmit  la  uncolored  and  more  completely 
polarized. 

Either  a  tonrrnaline  plate  or  a  Nicol  prism  883 

may  also  be  naed  in  connection  with  a  reflecting 
mirror.  The  light  reflected  by  such  a  mirror 
vibrates  in  a  plaue  at  right  angles  to  tlie  plane  of 
incidence  (plane  of  polarization) ;  that  tj-ans- 
mittcd  by  the  Nicol  prism  vibrates  in  the  direc- 
tion of  the  shorter  diagonal  (f.  383),  Hence, 
when  the  plane  of  this  diagonal  is  at  right  angles 
tji  the  plane  of  polarization  of  the  mirroi-,  the  re- 
flected ray  will  pass  through  the  prism ;  but  when  the  two  planes  mentioned 
coincide,  the  planes  of  vibration  are  at  right  angles  and  the  reflected  ray  ia 
extinguished  by  the  prism. 
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Pdariacopes.* — The  Nieolpri8tiie,wlieu  ready  for  Qse,  are  moDDted  iuau 
upright  inBtrument,  called  a  volari^cope.  Sometiioes  parallel,  and  eoiDfr 
times  coJiveryinff,  light  is  required  in  the  iuTestigatI<Ais  for  whiuh  the  instm- 
ment  is  used.     Fig.  384  shows  the  polarization-microscope  of  Norreuberg 


ftB  altered  and  improved  by  Grotti  (ae* 
Literature,  p.  160).  The  Niool  prisiDs 
are  at  d  and  r,  and  are  so  mounted  as 
to  admit  of  a  motion  of  revolution  in- 
dc]>endent  of  the  other  parts  of  the  in- 
etriimeat.  The  lonse  e  eaiit^es  the  light 
from  th«  ordinary  mirroi*,  a,  to  pass  as  a 
cone  through  the  prism  d,  and  the  lenses 
at  A  convei^e  the  light  upon  the  i)lste 
to  be  examined  placed  at  i.  The  other 
lenBes(o)  above  act  as  a  weak  microscope, 
Iiavins;  a  field  of  vision  of  130°.  The 
stage  (f  and  k).  carrying  the  ohjeet.  admits 
of  a  horizontal  revolution.  The  distance 
between  the  two  halves  of  the  instrument 
is  adjusted  by  the  screws  in.  and  n. 
When  parallel  light  is  reqnired,  a  similar  instrnment  is  employed,  which 
has,  however,  a  different  arrangement  of  the  lenses,  as  shown  in  f.  3S5, 
The  objecrs  for  which  titese  instrunienis,  as  well  as  the  tonrmaliue  plates, 
are  employed,  will  be  found  described  in  the  following  pages. 

The  Kicol  pi-isms  are  often  used  as  an  appendage  to  the  ordinary  com- 
pound microscope,  and  in  this  form  ai-o  Important  as  ooabling  as  to  ezamiii« 
very  minute  crystals  in  polarized  liglitt 

•  See  tH^ba  od  pp.  178,  170.  t  ^  PP-  1^2  et  seq. 
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DISTDTGUiamNG    OPTIOAL    OHABAOTERS  OF    THE  OBTS- 
TALS  OP  THE  DIFFERENT  SYSTEMS. 

It  IioB  already  been  remarked  that  all  crjBtalltzed  minerals  group  thetn- 
selves  into  ihi-ee  grand  claeaes,  which  are  distiiiguished  b;  their  phyaical 
propertiee,  as  well  as  their  eeoineti-ical  fui-m : 

A.  Isometric,  in  wbiuh  the  cryatals  are  developed  alike  in  all  the  several 
»xial  directions. 

Ji.  laodiametric,  including  the  tetragonal  and  hexagonal  systema,  whosu 
crystals  ai-e  alike  in  the  directions  of  the  several  lateral  azee,  but  veirtically 
the  development  is  unlike  that  laterally. 

O.  Anisometric,  embi'acing  the  thi-ee  remaining  systems,  where  the  crys- 
tals are  developed  in  the  three  axial  directions  dissimilarly. 

Between  theae  olaasea  thero  aie  manj  cases  of  gradual  tiaiiaitian  ia  ciyBtalline  form.  Mid, 
nmilatly  and  neceasarilj,  in  optical  character.  The  line  beCween  nni  axial  and  bLudu 
oiystal*,  for  liutanoe,  caimob  be  oooMdered  a  veiy  sliajpl;  de&ned  one.* 

A.  leoMETKio  Obtbtalb. 

Oetieral  Optical  Oharaoter. 

All  isometric  crystals  are  alike  in  this  respect  that  they  simply  refract, 
but  do  not  dovily  refract  the  light  tliey  ti-ansinit  They  are  optically 
isotrope.  Tbid  follows  directly  fi-om  the  symmetry  of  the  crystallization. 
In  tile  language  of  Fresnel,  the  elasticity  of  the  light-ether  is  tbrougbout 
them  the  same,  and  the  light  is  propi^ted  in  every  direction  with  the 
same  velocity.  There  is,  consequently,  but  one  value  of  the  index  of  refrae- 
tioQ.  The  waVe-Burface  is  spherical.  This  class  also  includes  all  trans- 
parent amorphous  substances,  like  glass. 

Optical  Bivesiigation  of  Iso/neirio  OrystaU. 

In  coDseqitence  of  their  isotropic  character,  isometric  crystals  exhibit  no 
spcjiai  phenomena  in  polarized  lig^ht.  Sections  of  isometric  crystals  may 
be  always  recognized  as  Buch  by  tlie  fact  that  they  behave  as  an  amorphous 
substance  in  polarized  light;  in  other  woi-ds,  when  tlie  Nicol  prisms  are 
crossed  they  appear  dark,  and  a  revolution  of  the  section  iu  any  plane  pro* 
duces  no  change  in  appear»nce.  Similarly  they  appear  light  when  placed 
botween  parallel  Niuols.     Some  anomaliea  are  mentioned  on  p.  158. 

Isometric  crystals  have  but  a  single  index  of  refraction,  ana  that  may  be 
determined  in  the  way  described  by  means  of  a  prism  cut  with  its  edge  id 
any  direction  whatever.  > 

Crystals  of  the  second  and  thii-d  classes  are  optically  anisotrope. 

. : —      -    .__  .__„.f_ ^v-rt-tV»SHJe 

•  Seu  pp.  18i  et  seu.  '- 


rBTOOAI.  OHABAOnCBfl  or  HIKBBAia. 


B.  Uniaxial  Obtbtalb. 

General  Optioal  Character. 

In  the  iaodiaTnetrie  crystals,  tlioeo  of  the  tetragonal  and  hexagonal  By«- 
teius,  there  is  crystallo^raphicall^y  one  axial  direction,  that  of  the  vertical 
axis*  which  is  dietingutshed  from  the  other  lateral  directions  which  arc; 
among  themselves  alike.  So  also  tlie  optical  investigationa  of  these  crystals 
show  that  with  reference  to  tlie  action  of  light  there  exists  a  similar  kind 
of  symmetry.  Light  is  propagated  in  the  direction  of  the  vertical  axis  with 
a  velocity  difEereiit  from  that  with  ■whicli  it  passes  in  any  other  directioii, 
but  for  all  directions  at  right  angles  to  the  vertical  axis,  or  all  directions 
making  the  same  angle  with  it,  the  velocity  of  propagation  is  the  same. 
In  other  words,  the  elasticity  of  the  ether  in  the  direction  of  the  vertical 
axis  is  either  greater  or  less  than  that  in  dii'cctions  normal  to  it  (aiialogons 
to  the  crystallographical  relation  6  ^  a),  while  in  the  latter  directions  it  is 
everywhere  alike. 

OpUa  aads. — Let  a  ray  of  light  pass  tlirough 
the  crystal  in  the  direction  of  the  vertical  axis, 
ab,  in  f.  3S6,  its  vibrations  must  take  place  iu 
the  plane  at  right  angles  to  this  axis ;  bnt  in  all 
directions  in  this  plane  the  elasticity  of  the  ether 
is  the  same,  lience  for  such  a  ray  tlie  crystal  mnst 
act  as  an  isotiYipe  medium ;  and  the  ray  is  con- 
sequently not  doubly  refracted  and  not  polarized. 
This  direction  is  called  the  omo  axis.* 

DoiAlc  refraction. — If,  on  the  other  hand,  the 
ray  of  light  passes  through  tlie  crystal  in  any  other  direction,  it  is  divided 
into  ^n  rays,  or  donbly  refracted  (see  f.  377),  and  this  iu  consequeuco  of 
the  difference  in  the  elasticity  of  the  ether  in  the  plane  in  whi(ih  the  vibra- 
tions take  place.  Of  these  two  rays,  one  follows  the  law  of  ordinary 
refraction,  and  this  is  called  tlie  ordinary  ray  ;  the  otlier  does  not  confomi 
to  this  law,  and  is  called  the  extraordinwry  I'ay.  Jiotii  these  rays  are  ])o]ar- 
ized,  and  in  planes  at  right  angles  to  each  other;  the  vibrations  of  the 
extraordinary  ray  take  place  in  the  plane  passing  through  the  incident  ray 
and  vertical  axis,  called  the  j?rin<;ij>al  aection,  those  of  the  ordinary  lay 
are  in  a  plane  at  light  angles  to  this. 

Wave-^urjiice  of  the  ordinary  T-u^.^-Tlie  meaning  of  the  statement  that 
the  ordinal^  ray  ftjllows  the  law  of  the  simple  refraction  is  this : — the  index 
of  refraction  (w)  of  the  oi"dinary  ray  has  invariably  the  same  value,  what- 
ever  be  the  direction  in  which  the  light  passes  1111*011211  the  crystal ;  the 
amount  of  deviation  from  the  perpendicular  is  always  in  accoidance  mtli 

the  law  ^—  =  n  («).     In  other  words,  the  ordinary  ray  is  propagated  in 

all  directions  in  the  medium  with  the  same  velocity  ;  and  hence  the  wavo- 
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Burfaoe  is  that  of  a  epliere,  MoreoTer,  the  ordinary  ray  alwaTS  remuD*  in 
the  plane  of  incidence. 

Wave-3urfao«  of  ike  extraordinary  ray. — For  the  extraordinary  rfty  the 
law  of  aiinple  refraction  does  not  hold  good.  If  experiments  be  made  npon 
any  uniaxial  crystal,  it  will  bo  found  that  the  two  rays  are  most  sepamted 
when  (1)  the  light  falls  perpbndiculab  to  (he  vertical  axis.  Ah  its  inclina- 
tion toward  the  axis  is  diminished,  the  extraoi-dinary  ray  approaches  the 
ordinary  my,  and  coincides  with  it  when  (2)  the  light  passes  thi-ongh  i'ab- 
ALLEL  to  the  vertical  axis.  The  index  of  refraction  of  the  extraordinary  i-ay 
varies  in  value,  being  most  unlike  ck  for  the  fli-et  case  supposed  when  the 
vibrations  of  the  extraordinary  ray  are  parallel  to  the  axis  (when  it  is 
called  e),  and  is  equal  to  w  for  the  second  case  supplied.  The  velocity  of 
this  ray  ie  then  variable  in  a  corresponding  manner.  The  wave-surface  of 
the  extraordinary  ray  is  an  ellipsoid  of  rotation.  Moreover  it  ordinarily 
does  not  remain  in  the  plane  of  incidence. 

Two  cases  are  now  possible :  the  index  (w)  of  the  ordinary  ray  may  be  (1) 
greater  than  that  of  the  extraordinary  raj-  (e),  in  which  case  the  velocity  of 
the  liffht  in  the  direction  of  the  vertical  axia  is  leaa  than  that  in  any  other 
direction ;  or  (2)  w  may  be  less  than  c,  arid  in  this  case  the  velocity  of  pro- 
pagation for  the  light  has  its  maximum  parallel  to  the  vertical  axis.  The 
rornier  are  called  negative,  the  latter  positive  crystals.  The  fact  alluded 
to  here  should  be  noted,  that  the  value  of  the  refractive  index  is  iuvei-eely 
proportional  to  the  velocity  of  the  light,  or  elasticity  of  the  ether,  in  the 
given  direction. 

Ifegative  crystals  ;  Wave-sui^ace. — Forcalcite  o>  =1-654,  t  =  1-483,  it  is 
lieuce  one  of  the  claas  of  negative  crystals.  The  former  value  (o>)  belongs 
to  the  ray  vibrating  at  right  angles  to  the  vertical  axis,  and  tlie  latter  value 
(e)  to  the  ray  with  vibrations  parallel  to  the  axis.  As  has  been  stated,  the 
refractive  index  for  tlie  extraordinary  ray  increases  from  1.483  to  1.654,  as 
the  i-ay  becomes  moi-e  and  more  nearly 
parallel  to  the  vertical  axis.     Fig,  387  iUiis-  '^^ 

trates  gi-aphically  the  relation  between  the 
two  indices  of  refraction,  and  the  correspond- 
ing velocities  of  the  rays;  ah  represents  the 
direction  of  the  vertical  axis,  that  is,  the  optie 
axis.  Also  ma,  mb  represent  the  velocity  ' 
of  the  light  parallel  to  tnis  axis,  correspond- 
ing to  the  greater  index  of  refraction  (1-654). 
The  circle  described  with  this  radius  will 
represent  the  constant  velocity  of  the  ordi- 
nary ray  in   any  direction   whatever.     Let 

further  i>id,  mc  represent  the  velocity  of  the  extraordinary  ray  passing  at 
right  angles  to  the  axis,  hence-  cori'esponding  to  the  smaller  index  sf 
refraction  (1-483).  The  ellipse,  whose  major  and  minor  axes  are  ed 
and  ai,  will  express  the  law  in  accordance  with  which  the  velocity  of  the 
extra<)rdinary  ray  varies,  viz.,  greatest  in  the  direction  mrf,  least  in  the 
direction  ab  in  which  it  coincides  with  the  ordinary  ray.  For  any  inter- 
mediate direction,  hgm,  the  velocity  will  be  expressed  by  the  length  of  the 
line,  km. 

Sow  let  this  figure  be  revolved  about  the  axis  ab ;  there  will  be  generated 
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e  within  an  oblate  ellipsoid  of  rotation  (f,  888).    Tiie  snrface  €t  the 
sphere  is  the  wave-surface  of  the  ordinary  ray, 
B88  and  that  of  the  ellipsoid  of  the  extraordiuary 

ray ;  the  line  of  their  iDterseutiou  is  the  optiu 
axis.  /^ 

In  f.  377,  p.  W,  the  ray  of  lidit  ia  shown 
divided  into  two  by  the  piece  of  caltite ;  of 
these,  bd,  which  is  the  more  ref  lauted,  is  the 
ordinary  ray,  and  ic,  whiuh  is  less  refrauted,  is 
the  extraordinary  ray. 

Positive    crystals ;      Wave^utfaee.  —  For 
qaartz  w  =  1-548,  «=  1"558.     The  hidex  of 
refraction  for  the  ordinary'  ray  (w)  is  less  than  dial  of  the  extraordinary  i-ay 
(e) ;  quartz  hence  belongs  to  the  class  of  positive  crystala.     The  value  of  e 
(1'558)  for  tlie  extraoitliuary  ray  con-eaponds  to  tlie  direction  of  the  i-ay  at 
nght  angles  to  the  vertical  axis,  when  its  vibrations  are  parallel  to  this  axis. 
Ab  the  dii-ection  of  the  ray  changes  and  becomes  more  and  more  neai'ly  par- 
allel to  the  axis,  the  value  of  its  iiidex  of  i-e- 
889  fraction  decreases,  and  when  it  is  parallel  to  the 

latter,  it  has  tlie  value  1*548.     The  extraordin- 
ary ray  then  coincides  with  the  ordinary,  and 
there  is  no  double  refraction ;  this  ia,  as  be- 
fore, the  line  of  the  (/ptic  axis.l  The  law  for 
both  rays  can  be  repiesented  graphically  in 
tlie  same  way  as  for  negative  ci-ystals.     lu 
f.  389,  atnh  is  the  direction  of  Che  optic  axis; 
let  ma,  tnh  represent  the  velocity  of  tlie  ordin- 
ary ray,  which  corresponds  to  the  least  re- 
fraotive   index   (1'548),  the  circle    afbe  will 
express  the  law  for  this  ray,  viz.,  the  velocity 
the  same  in  every  direction.     Moreovei-,  let 
jnd,  me  represent  the  velocity  of  the  extraor- 
dinary i-ay,  at  right  angles  to  the  axis,  which  coiresponda  to  the  maximum 
rcfi-active  index  (1-558);  the  ellipse,  adbc,  will  express  the  law  for  velocity 
of  tlie  extraordinary  my,  viz.,  least  in  the  dii-ection  md,  and  greatest  in  the 
direction  ai>,  when  it  ia  equal  to  that  of  the  ordinary  ray,  and  varying 
uniformly  between  these  limits.     If  the  figure  be  revolved  as  before,  tbere 
will  bo  generated  a  sphere,  whose  surface  is  the  wave-surface  of  the  ordin- 
ary ray,  and  loithin  it  a  pralate  ellipsoid  whose  surface  represents  the 
Vave-eui-face  of  the  extraordinary  ray. 
The  following  list  includr^f  examples  of  both  olassee  of  uniaxial  crystali : 

Negative  ctyatala  (— ),  Positive  crystals  (-)-), 
Calcite,  Quartz, 

Tourmaline,  Zircon, 

Corundum,  Hematite, 

Beryl,  Apophyllit«, 

Apatite.  CasBiterlte. 

It  may  be  remarked  that  in  some  species  both  +  aod  —  varieties  have 
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beeD  observed.  Certeiu  cryBtaU  of  apophyllite  ore  positive  tor  onu 
Olid  of  the  spectrum  and  negative  for  the  other,  and  coiise<iuentl;  for  some 
color  betveen  tlie  two  extreinea  it  has  no  double  refraction. 

Than  prmdples  make  the  explanation  of  the  nae  of  toarnuline  plates  and  oaldte  priami 

U  palarizing  instmmentB  (p.  ISO}  more  intelligible. 

The  two  raje  into  whioh  the  single  ray  i»  dirided  on  pssnug  tluongh  a  oniaxial  ciystal  oie, 
aa  has  been  mid,  both  polacized,  the  ordinal?  nty  in  a  plane  pasain^  through  tlie  vertical 
axis  and  the  eztraocdinarj  ray  perpeodicolai  to  Uiis.  In  a  tourmaline  plate  of  the  proper 
thickneaa,  nut  parallel  to  the  axis  c.  the  ordinal;  n^  is  abaorbeil  (for  the  most  part)  and  the 
BxtTBordinoi?  ra;  slone  paBsea  through,  having  its  vibrations  in  the  diiectiou  of  the  vertical 

la  the  calcite  ptism,  of  the  two  lefiacted  and  polarized  xa^s,  the  ordinary  ray  la  diapoeed  of 
actificialty  in  the  manner  mentioned  (p.  ISl],  and  the  extiaord^iary  n^  atone  piuseii  tiirough, 
vibrating  aa  already  remariced,  in  the  direction  of  the  axis  i,  or,  in  other  words,  of  Uie 
thorter  diagonal  of  the  Nicol  prism . 

The  relation  of  these  phenomena  to  the  ntoleonlai  stnictnTe  of  the  ciyatal  is  well  shown 
by  the  eSeut  of  preasure  apon  a  psrollelopipod  of  glass  Glass,  normally,  exhibitt  no  colored 
phenomena  in  polarized  light,  tince  the  elasticity  of  the  ether  is  the  aame  in  all  directions, 
and  there  is  benoe  no  double  refraction.  But  if  the  block  be  placed  niider  pressure,  exerted 
on  two  oppoaila  faces,  the  oonditionB  are  obviously  ohsnged,  the  density  is  the  same  ic  the 
both  lateral  directions  but  differs  from  that  in  the  direction  of  the  axis  of  pressure.  The  sym- 
metry in  molecular  structure  becomes  that  of  a  uniaxial  crystal,  and,  as  would  be  expected, 
on  placing  the  block  Id  the  polariacope,  a  black  cross  with  its  oolored  rings  ia  observed,  ezacd; 
aa  with  cdlcite.  Similarly  when  glaaa  haa  beea  suddeuly  and  unevenly  cooled  its  moieoolu: 
structure  is  not  homo^neoiiH,  and  itwiU  be  found  to  polariae  light,  although  the  phenomena, 
for  obrioua  reasons,  will  not  have  the  regularity  of  the  case  described. 

It  may  be  added  here  that  recent  investigationB  by  Mr.  John  Kerr  have  shown  that  eleotll* 
atj  calls  out  bicefringent  pheuocaena  in  a  blook  of  gUas.    (Phil.  Hag.,  L,  837.) 

Optical  Investigation  of  Uniaxial  Crystah. 

Sections  normal  or  parallel  to  the  axis  in  polarised  light. — Suppose  a 
eectiou  to  be  uiit  perpetidioiilar  to  the  vertical  axis  (axial  section),  it  has 
ali'eady  been  shown  that  a  ray  of  li^ht  paeging  through  the  ci-jstal  in  this 
direction  suffers  no  chaiigci,  coiiRoc^ueiitly,  such  a  section  examined  in 
parallel  polarized  light,  in  tlie  iustniment  (f.  385),  appears  as  a  section  of 
an  isometric  crystal.  fKu  ' 

If  the  same  sei;tion  be  placed  in  the  other  instrument  {f.  384,  p.  16S),  ■ 
arranged  for  viewing  tbe  oliject  in  converging  light,  or  in  the  tourmaline 
tongs,  a  beautifnl  pheiioineuon  ia  observed;  asymmetrical  black  cross — 
when  tlie  Nici)ls  or  t«turinaliiio  plates  are  crossed — with  a  series  of  conoentiie 
rings,  dark  and  light,  in  monoohromatic  light,  but  in  white  light,  showing 
r;lie  prismatic  colors  in  suucessioii  in  each  ring.  This  is  shown  without  the 
colors  in  f.  390,  the  arrangement  of  the  colors  in  the  elliptical  rings  of  the 
colored  plate  (frontispiece)  is  similar. 

ThiB  cross  becomes  white  when  the  Kicole  or  tonrmalines  are  in  a  par- 
allel )>ceition,  and  each  band  of  color  in  white  light  changes  to  its  coniptn- 
luentary  tint  (f.  39L).  These  interference  figures  are  seen*  in  this  form 
only  in  a  plate  cut  perpendicular  to  the  vertical  axis,  and  marks  the  uni- 
a-r-uil  character  of  tho  crystal. 

The  explanation  of  this  phenouietiOD  can  he  only  hinted  at  in  this  place 
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A.11  the  rajs  of  liglit,  whose  vibrations  coinoidQ  with  the  vibration-plaaet 
of  either  of  the  crosBed  Nicola,  must  neuesaarily  be  extingnished.  Thii 
gives  rise  to  the  black  cross  in  the  centre,  witli  its  arms  in  the  dii-ection  of 
the  planes  mentioned.  All  other  rays  passing  tliroueh  the  given  plate 
obliquely  will  be  doubly  refracted,  and  after  passing  tlirough  tiie  second 
Nicol,  mna  being  referred   to  the  same  plane  of   polarization,  they  will 


inUrfere,  and  will  etve  rise  to  a  series  of  concentric  rings,  light  and  dark 
in  homogeneous  light,  but  in  ordinary  light  showing  the  successive  colore  of 
the  spectrum.  Ini-egard  to  the  interfei-ence  of  polarized  rays,  the  fact  mufi 
be  stated  that  that  can  take  place  only  when  they  vibi'ato  in  the  same  planu ; 
two  rays  vibrating  at  right  angles  to  each  other  cannot  interfei-e.  These 
interference  phenomena  are  similar  to  the  successive  spectra  obtained  by 
difFi-aotlou  gratings  alluded  to  on  p.  129.  It  is  evident  that,  in  order  to 
observe  the  phenomena  most  advantageously,  the  plate  must  have  a  suitable 
tliickness,  which,  however,  varies  wirti  the  refractive  index  of  tlie  substance 
Tlie  thicker  the  jilate  the  smaller  the  rings  and  the  more  they  are  ci'owded 
together ;  when  the  thickness  is  considerable,  only  the  black  brushes  are 
seen. 

Section  paralUl  {or  eha/rply  incl'med)  to  the  axis. — If  a  section  of  a  uni- 
axial crj'stal,  cut  parallel  or  inclined  to  the  vertical  axis,  be  examined  in 
parallel  polarized  light,  it  will,  when  its  axis  coincides  witli  the  direi-tiou 
of  vibration  of  one  of  the  Nicol  prisms,  appear  dark  when  the  prisms  ai-e 
crossed.  If,  however,  it  be  revolved  horizontally  on  the  stage  of  tlie  polari- 
scope  (^,  I,  f.  3S4)  it  will  appear  alternately  dark  and  light  at  intervals  of  45", 
dark  under  the  conditicns  meutioned  above,  otlierwise  more  or  less  light,  the 
maximum  of  light  being  obtained  when  the  axis  of  the  section  makes  an 
angle  of  45'  with  the  plane  of  the  Nicol.  Between  parallel  Nicols  tlie 
'  phenomena  are  the  same  except  that  the  light  and  darkness  are  reversed. 
When  the  plate  is  not  too  thick  the  polarized  ray,  after  passing  the  upper 
Nicol,  will  interfere,  and  in  white  liglit,  the  plate  will  show  bright  coloi«, 
which  change  as  one  of  the  Nicols  or  the  plate  is  revolved. 

Examined  in  converging  light,  similar  sections,  when  very  thin,  show  in 
white  light  a  series  of  parallel  colored  bands. 

Determination  of  the  indices  of  refractitm  a  and  e. — Une  priem  will 
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mfflft^  fur  the  determination  of  both  indices  of  refraction,  and  its  edge  ma; 
bo  either  parallel  or^perpendicalar  to  the  vertical  axis. 

(a)  If  parallel  to  the  vertical  axis,  the  ftiigle  of  miniranm  deviation  for 
each  r&y  in  BucceBsion  must  be  meaaiired.  The  extraordinary  ray  vibratea 
parallel  to,  aod  tiie  OJ'dinary  ray  at  right  angles  to,  the  direction  ot  the  edge 
of  the  prism.  For  convenience  it  is  better  to  isolate  each  of  the  rays  in 
enccession,  which  is  done  with  a  single  Nicol  prism.  If  this  is  held  before 
the  observing  telescope  with  Its  shorter  diagonal  parallel  to  the  refracting 
edge  of  the  prism,  the  ordinary  ray  will  be  extinguished  and  the  image  m 
the  slit  observed  will  be  that  dne  to  the  extraordinary  ray.  If  held  with  its 
plane  of  vibration  at  right  angles  to  the  prismatic  edge,  the  extraordinary 
i-ay  will  be  extinguished  and  the  other  alone  observed.  From  the  single 
olwerved  angle,  for  the  given  color,  the  index  of  refractioo  can  be  calculated, 
0  or  e,  by  the  formnla  given  on  p.  128,  the  angle  of  the  prism  being  koowo. 

(fi)  If  the  refracting  edge  or  the  prism  is  perpendicular  to  the  vertical 
axis  of  the  crystal,  the  same  procedure  is  necesBary,  only  in  this  ease  the 
ordinary  ray  will  vibrate  parallel  to  the  pnematlc  edge,  and  the  oxtraordi- 
naiT  ray  at  right  angles  to  it.  The  two  rays  are  distingoisbod,  as  before,  by 
a  Nicol  prism, 

Determination  of  the  positive  or  negative  character  of  the  double  refrao 
tion, — The  most  obvious  way  of  determining  the  character  of  the  double 
refraction  («  >  «  or  «  sfe)  is  to  measure  the  indices  of  refraction  in  accord- 
ance with  the  principles  explained  in  the  preceding  paragraphs.  It  is  not 
always  possible,  however,  to  obtain  a  prism  suitable  for  this  purpose,  and  in 
any  case  it  is  convenient  to  have  a  more'  simple  method  of  accomplisbiiig 
the  result. 

To  do  this,  use  may  be  made  of  a  veir  simple  principle : — the  +  or  — 
character  of  a  given  crystal  is  determined  by  observing  the  effect  prodnced 
when  an  axial  section  from  it  is  combined  in  the  polariscope  with  tliat  of  a 
crystal  of  known  character. 

For  instance,  calcite  is  negative,  and  if  it  be  placed  in  conjunction  with 
the  section  of  a  positive  crystal,  the  whole  effect  observed  is  the  same  as  that 
which  would  be  produced  if  the  original  plate  were  diminished  in  thickness, 
while,  if  combined  with  a  n^ative  crystal,  it  is  as  if  the  plate  wore  made 
thicker.  It  has  already  been  remarked  that,  as  the  axial  plate  of  a  crystal 
increases  in  thickness,  the  number  of  rings  visible  in  the  field  of  the  polari- 
scope increases,  and  they  become  more  crowded  together ;  but,  if  the  section 
is  made  thinner,  the  snccessive  rings  widen  oat  and  become  less  numerous. 
One  or  the  other  of  these  effects  is  produced  by  the  use  of  the  intervening 
section. 

In  the  case  of  uniaxial  crystals,  however,  the  method  which  is  practically 
most  simple  is  that  snirgested  by  Dove — the  use  of  an  axial  plate  of  mica  of 
a  certain  thickness.  The  section  required  is  a  cleavage  piece  of  such  a 
thickness  that  the  two  rays  in  passing  through  suffer  a  difrerence  of  phase 
which  is  equal  to  a  quarter  wave-leng^,  or  an  odd  multiple  of  this. 

Suppose  that  the  section  of  the  crystal  to  be  examined,  cut  perpendicular 
to  the  axis,  is  brought  between  the  crossed  Nicols  in  the  polariscope ;  the 
black  cross  and  the  conMntric  colored  rings  are  of  course  visible.  Let  now, 
while  tho  given  section  occupies  this  position,  the  mica  plate  be  ulncod  nixm 
it,  with  the  plane  of  its  optic  axes  (determiuea  beforehand,  and  toe  directioo 
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marked  by  a  line  for  convenience)  making  an  angle  of  45°  with  the  vibr* 
tion-planesof  theNicols;  the  black  cross  disappears  and  there  remain  only 
two  diagonally  situated  dark  spots  in  the  place  of  it.  Moreover,  the  colored 
curves  in  the  two  quadrants  with  these  spots  are  pushed  fai-ther  away  from 
the  centre  than  the  others.  The  effect  produced  ia  represented  in  f.  392 
and  f.  393.    If  tlie  line  joining  theee  two  dwk  spots  stands  at  right  anglea 


to  the  axial  plane  of  the  mica,  the  crystal  is  positive  (f.  392),  if  this  line 
coincides  with  the  axial  plane,  tlie  crystal  is  negative  (f.  393).  The  explana- 
tion of  this  cfF '"^  is  not  so  simple  as  to  allow  of  being  introduced  here ;  the 
effect  of  the  iiugti  is  to  produce  circular  polarization  of  the  b'ght  which  it 
transmits. 

With  both  tmiMtial  and  btudal  crjitala  Hit  Btodent  will  find  it  of  great  udstanoe  alwv* 
to  have  at  h[8  side  a  ^ood  MCtion  of  a  positiTe  and  a  negative  cijataL  Bj  oonpanng  Uie 
[Aeiiomena  observed  in  the  oentioii  under  ezamlnatioD  with  thoea  ehowii  bj  crTStala  of  linowii 
character,  he  will  often  be  saved  mncb  perplezity. 

For  the  investigation  of  the  absorption  pheTiomena  of  uniaxial  ctystala 
see  p.  165. 

OntonLAK  Polarization. 

In  what  has  been  said  of  polarized  light,  in  the  preceding  pages,  it  has 
been  assumed  that  a  polarized  ray  was  one  whose  vibrations  took  place  in 
a  single  plane,  so  that  the  plane  of  polarization  at  ri^tht  angles  to  this  was  a 
fixed  plane.  Sneh  a  ray  is  said  to  he  linearly  polarized,  xhere  are  some 
uniaxial  ci^stals,  however,  which  have  the  power  to  rotate  the  plane  of  polari- 
zation ;  the  ray  is  said  to  be  circularly  polarized.  They  manifest  this  in  the 
phenomena  observed  when  an  axial  section  is  examined  in  the  polariscope. 

An  axial  section  of  a  uniaxial  crystal  normally  exhibits,  in  converging 
polarized  light,  a  black  cross  with  a  series  of  concentric  colored  circles, 
I.  300,  p.  140.  If,  however,  a  section  of  <^uartz  be  cut  perpendicular  to  the 
axis  ana  viewed  between  the  crossed  Nicols,  the  phenomena  observed  are 
different  from  tl  ese : — the  central  portion  of  the  black  cross  has  disap- 
ueaivd,  and  instead,  the  space  within  the  inner  ring  is  brilliantly  eoloreu. 
Pnrlhermore,  when  the  analyzing  Kicol  is  revolved,  Uiis  color  changes 
from  blue  to  yellow  to  re<i,  and  it  ii  found  that  in  some  cases  tui 
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ehan^  ja  prodaced  by  revolving  the  Nieol  to  tbe  right,  and  in  other  (snees 
to  tlie  lej^.  To  diBtingnish  between  these  the  firet  are  called  right-handed 
r>.itatiiig  crystals,  and  the  others  left-handed.  The  relations  here  involved 
will  be  better  understood  if  the  qnartz  section  ia  viewed  in  parallel  mono- 
chromatic  light.  Under  these  oircumstances  a  similar  plate  of  caleite 
appears  darlc  when  the  Nieols  are  crossed,  but  with  quartz  the  maxiirinm 
darkness  is  only  obtained  when  the  anulyzer  has  been  revolved  beyond  its 
first  position  a  certain  angle ;  this  angle  increasing  with  the  thickness  of 
the  section,  and  also  varving  with  the  color  of  the  light  employed.  ' 

For  a  section  1  mm.  thick  in  red  light,  a  rotation  of  the  analyzer  of  19° 
18  required  to  produce  the  maximum  darkness.  For  yellow  light  the 
rotation  is  21°  with  a  plate  of  the  same  thickness ;  with  blue,  32°,  and  so  on. 
The  rotation  of  the  analyzer  with  some  crystals  is  to  tlie  right,  witli  others 
to  the  left. 

The  e^cplanatiou  of  these  facts  lies  in  the  fact  stated  above,  tliat  the 
qnartz  rotates  the  plane  of  vibration  of  the  polarized  light,  and  the  angle  of 
rotation  is  different  for  liiya  of  different  wave-lengths.  Furtlier'Jiore,  this 
rotation  of  the  plane  of  vjbrajiojnjesults  fi-om  the  fact  that  in^  quartz,  even 
in  the  direction  of  its  axia/^iime  refraction  takes  place.  Tlie  oscillations  " 
oFthe  particles  of  etHer  take  place  not  in  straight  lines  but  in  circles,  and 
they  move  in  opposite  directions  for  the  two  rays,  ordinary  and  oxtraorj 
dinaiy,  *^  ■u*^.-*Vw-  &  *W  Fi^-^  ^-  w^ti  f^  4/mlr^^  ^  it,  ^:y^%^'lfii 

An  axial  section  of  a  quartz  crystal  can  never  appear  dark  between  ' 
crossed  Nieols  in  ordinary  light,  since  there  is  no  point  at  which  all  the 
colors  are  extingnished ;  on  the  contrary,  it  appears  highly  colored.  The 
color  depends  upon  the  thickness  of  the  section,  and  is  the  same  as  that 
observed  in  the  centres  of  tlie  rings  in  converging  polarized  light.  If  sec- 
tions of  a  j-ight-handed  and  left^anded  crystal  are  placed  together  in  the 
polariscope,  tlie  centre  of  the  interference  figure  is  occupied  with  a  four- 
rayed  spiral  curve,  called  from  tlie  discoverer  Airy's  spiral.  Twins  of 
qnartz  ci7Stal8  are  not  uncommon,  consisting  of  the  combination  of  right- 
and  left-handed  individual,  which  sometimes  show  the  spirals  of  Airy. 

It  is  a  remarkable  fact,  discovered  by  Hei-schel,  that  the  right-  or  left- 
handed  optical  chai-acter  of  qnartz  is  often  indicated  by  the  position  of  the 
^rapezuliedral  planes  on  the  crystals.  When  a  given  trapezohedral  plane 
appears  as  a  modification  of  the  prism,  to  the  right  above  and  left  bslow, 
the  crystal  is  optically  right-Itandid ;  if  to  the  left  above  and  right  below, 
the  crystal  is  l-eft-hatdsd,.  In  f,  39i  the  plane  is,  as  last  remarked,  left  above 
and  light  below,  and  the  crystal  is  hence  left-handed.  Cinnabar  has  been 
shown  by  Dea  Cloizeaux  to  possess  the  same  property  as  qnartz;  and  this  is 
true  also  of  some  artificial  salts,  also  solutions  of  sugar,  etc. 

In  twins  of  quartz,  the  component  parts  may  be  both  right-handed  or 
both  left-handed  (as  in  those  or  Dauphiny  and  the  Swiss  Alps) ;  or  one  may 
be  of  one  kind  and  the  other  of  tlie  other.  Moreover,  successive  layers  of 
deposition  (made  as  the  crystal  went  on  enlarging,  and  often  exceedingly 
thiii^  are  sometimes  alternately  right-  and  left-handed,  showing  a  constant 
(»cillatinn  of  polarity  in  the  course  of  its  formation  \  and,  when  this  is  the 
Rase,  and  tlie  layers  are  regular^  cross-sections,  examined  by  polarized  light, 
nliibit  a  division,  more  or  less  perfect,  into  secton  of  120  ,  parallel  to  the 
plane    fi*,  or  intc  sectors  of  du°.     If  the  layers  are  of  unequal  thickneia 
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there  are  broad  areas  of  colors  without  sectors.    In  f,  395  (by  l^es  CIoiseauT, 
from  a  crystal  from  the  Dept  of  the  Ande),  lialE  of  each  sector  of  60°  ii 


right-banded,  and  the  other  half  left  (as  Bhown  by  the  arrows),  and  the  dark 
radii  are  neutral  bands  produced  by  the  overlapping  of  layers  of  the  twc 
kinds.  These  overlappmg  portions  often  exhibit  the  phenomenon  of  Airy'i 
spiral 

O.  BiAxiAi.  Cbtstals. 

Qmeral  Optioal  Character. 

As  in  tKe  crystalline  eystems,  thna  far  considered,  so  also  in  the  anisoTns- 
(rtc  syBtems,  the  orthorhombic,monoclinic,  and  triclinic,  there  ia  a  strict  corre- 
roondence  between  the  molecular  stracture,ae  exhibited  in  the  geometrical 
form  of  the  cryBtals,  and  their  optical  properties.  In  the  cryBtaia  of  these 
BTstema  there  is  no  longer  one  axiB  around  about  which  the  ^asticity  of  the 
Ught-ether,  that  ia,  the  velodty  of  the  light,  is  everywhere  alike.  On  the 
contrary,  tlie  relations  are  much  leas  simple,  and  less  easy  to  comprehend. 
There  are  two  directions  in  which  the  light  pasacs  through  the  crystal 
without  double  refraction — these  are  called  the  optio  ax&s,  and  hence  the 
oryetals  are  biaxud — but  in  every  other  direction  a  ray  of  light  is  separated 
into  two  ray  a,  polarized  at  right  angles  to 
each  other.  Neither  of  these  conforma  to 
the  law  of  simple  refraction.  The  subject 
waa  first  developed  theoretically  by  Freanel, 
»  and  hiB  conclusions  have  since  been   fully 

■"^  verified  by  experiment. 

•——•A        Ax4«   of  etaaticity, — In    regard    to   tha 

elasticity  of  the  ether  in  a  biaxial  crystal 
there  are  (1)  a  maximum  value,  (2)  a 
minimum  value,  and  (8)  a  mean  value,  and 
these  values  in  the  crystal  are  found  in 
directions  at  right  angles  to  each  other. 
In  f.  898,  CC  represents  the  axis  (t)  of  least  elasticity,  AA'  of  greatest 
elasticity  (a),  and  BB'  of  mean  elasticity  (b).    A  ray  passing  id  the  dire» 
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tioQ  CC  vibrates  in  a  plane  at  riglit  auglea,  that  is,  parallel  to  BB'  and 
AA!.  Similarij  for  tlie  ray  BB'  the  vibrations  are  parallel  to  AA'  and 
CC,  and  for  tlie  ray  AA'  parallel  to  BB'  and  00'.  Between  tbeee 
extreme  values  of  the  axes  of  elastiuity,  the  eliisticity  varies  according  to  ft 
regular  law,  as  will  be  seen  in  the  following  diseusaion.  The  form  of  the 
wave-snrfaue  for  a  biaxial  crystal  may  be  determined  by  fixing  its  form 
fur  the  planes  of  the  axes  a,  b,  and  c. 

Wavs-suT^ace. — First  consider  the  case  of  raya  in  tlie  plane  of  the  ax'.s 
BB'  and  00'  {f.  3971.  A  ray  pass- 
ing in  the  direction  ^^  is  separated  8V7 
into  two  settf  of  vibrations,  one  paral- 
lel to  AA',  corresponding  to  the 
greatest  elasticity,  moving  more 
ni|iidly  than  the  other  set,  parallel 
to  CO',  which  correspond  to  the 
le:ist  elasticity.  TJie  velocities  of  the 
two  seta  of  vibrations  are  made  pro- 
portional to  the  lengths  of  the  lines  > 
■mn,  and  mo  respectively,  in  f.  397.  x 
Again,  for  a  mv  in  the  same  plane, 
parallel  to  CCf',  the  vibrations  are 
(1)  parallel  to  AA',  and  propagated 
faster  (greatest  elasticity)  than  the 
other  set;  (2)  parallel  to  BB'  (mean 
elasticity).  Again,  in  f.  397,  on  the 
line  6'6",  mn",  and  mq"  are  made 
proportional  to  these  two  velocities ; 
haitt  inn  =  mn",  and  for  a  ray  in  the 

same  plane  in  any  other  direction,  there  will  be  one  set  of  vibrations 
parallel  to  AA',  with  the  same  velocity  as  before,  and  another  set  at  right 
angles  with  a  velocity  between  mo  and  mq",  determined  by  the  ellii>se 
whose  semi-axes  are  proportional  to  the 
mean  and  least  axes  of  elasticity.       ~  SI'S 

Fig.  397  then  represents  the  section  of 
the  wave-snrface  tfii-ough  the  axes  00'' 
and  BB'.  The  circle  nn"  sliows  the 
constant  velocity  fur  all  vihi-ations  par- 
allel to  AA',  and  the  ellipse  the  variable 
valnoB  of  the  velocity  for  the  other  set  of 
vibrations  at  right  angles  to  the  tii-st. 

Again,  fur  a  my  m  tlw  plane  AA',  ■ - 

BD',  Che  method  of  the  cunstructioii 
is  similar.  The  vibrations  will  in  every 
case  take  place  in  the  plane  at  right 
angles  to  the  direction  of  the  ray,  which 
plane  must  always  pass  through  the  axis 
VC  of  least  elasticity.  Hence  for  every 
direction  of  the  ray  in  the  plane  meu- 
tioaed,  one  set  of  vibrations  will  always 
be  parallel  to  CC,  and  hence  be  propagated  with  a  constant  nilooity 
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=  mo',  f .  398),  and  hence  this  is  expreeeed  by  the  circle  oo'.  The  other  set 
of  vil)i«tioii8  will  be  at  right  angles  to  GG',  and  the  velocity  with  which 
thoj  are  propagated  will  vary  according  as  they  are  parallel  to  AA' 
(=  mn,  f.  398),  or  parallel  to  BB'  (=  mq ),  or  some  intermediate  value  for 
an  intermediate  poeition.  The  section  of  the  wavo-Burfaee  ia  consequently 
a  circle  within  an  ellipse. 

Finallyjlet  the  ray  pass  in  some  direction  in  tlie  plane  GG',  AA',of  least  and 

gi'eateBt  elasticity,  me  section  of  the  wave-aorface  is  also  a  circle  and  ellipse. 

Suppose  the  ray  passea  in  the  direction 

'™  parallel  to  AA',  the  vibrations  will  be 

m  parallel  to  CG,  and  (2)  parallel  to 

BB ,  those  (1)  parallel  to  C'C"  (least  axis 

of  elasticity)  are  piopagated  more  sltiwly 

than  those  (2)  parallel  to  BB'  (axis  of 

mean  elasticity).     In  f.  309,  on  the  line 

AA',  lay  off  mu  and  mq'  proportional  to 

these  two  vaUiee. 

Again,  for  a  ray  parallel  to  GG'  the 

■^     vibrations  will  take  place  (1)  parallel  to 

AA',  and  (2)  parallel  to  BB',  tlie  former 

will  be  propagated  with  greater  velocity 

than  those  latter.     These  two  values  of 

the  velocity  in   the   direction    GC   are 

represented  by  mn"  and  mj"  (=  fn<i'). 

For  any  intermediate  poeition  of  the  ray 

in  the  same  plane  there  wilt  always  be 

one  set  of  vibrations  parallel   to  BB' 

{mq'  =  mq",  L  399,  hence  the  circle).     The  other  set  at  right  angles  to  these 

will  be  propagated  with  a  velocity  va- 

*W*  '       rving  according  to  the  direction,  from 

that  correeponaiiig  to  the   least  axis 

of  elasticity  (represented  by  mo',  f .  399), 

to  that  of  the  greatest  axis  of  elasticity 

(mn"). 

Opiic  aaxa. — It  is  seen  that  the  cir- 
cle, representing  the  uniform  velocity 
of  vibi-ations  parallel  to  b,  and  the 
ellipse  representing  the  varyhig  value 
of  the  velocity  for  the  vibrations  at 
right  angles  to  these,  intersect  one  An- 
other at  r,  P',  f.  399.  The  obvious 
meaning  of  this  fact  is  that,  for  the 
directions  m.P,  and  m/",  making 
equal  angles  witli  the  axis  GG',  tlio 
velijcity  is  the  same  for  botli  sets  of 
vibrations;  these  are  not  separated 
from  each  other,  the  ray  ia  not  doitbl^ 
refracted,  and  not  polariged. 
Tliose  two  directions  are  called  the  oftio  axes.  All  anisomctric  crj  stall 
have,  as  lias  been  stated,  two  optic  axes,  and  ai-e  hence  called  biaxioL 

n  .J  ii,-j'- ■;■-  V-  it.n.is;iC 
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The  complete  wave-surface  of  a  biaxial  crystal  is  constmcted  from  thb 
tlirae  Bflctiona  given  in  f.  397,  398,  399.  It  ia  ahovrn  graphically  in  f,  400, 
vhere  the  lines  J*P,  and  P'l*'  are  the  two  optic  axes, 

jSwectrioea,  or  Mean-linen. — Ab  shown  in  £  399,  the  optic  axea  always  lie 
in  the  plane  of  greatest  (a)  and  least  (c)  elasticity,  and  the  value  of  the  optic 
axial  angle  is  IcTiowii  when  the  axes  of  elasticity  are  given  tis  stated  below. 
The  axis  of  elasticity  which,  as  the  line  GC,  i.  399,  bieects  the  acute  angle 
is  called  the  aovie  mseetrix,  nr  first  mean-line  (erete  Mittellinie,  Gei^/i.),  and 
that  bisecting  the  obtuse  angle,  the  oSiiwd  bieeotrix,  or  second  mean-Une 
(zweite  Mittellinie,  Gena^, 

Positive  and  negative  eryatals. — When  the  acnte  bisectrix  is  the  axis  of 
least  elasticity  (c),  it  is  said  to  be  positive,  and  when  it  ia  the  axis  of  greatest 
(a)  elasticity,  it  is  said  to  be  negative.    Barite  is  poEitive,  mica  negative. 

Indices  of  refraction. — It  lias  been  seen  that  in  nniaxial  ciystals  there 
are  two  exti-eme  values  for  the  velocity  with  which  light  is  propagated,  and 
corresponding  to  them,  and  inversely  proportional  to  thein,  two  nidices  of 
refraction.  Similarly  for  biaxial  crystals,  where  there  are  three  axes  of  elasti- 
city, there  are  three  indices  of  refraction — a  maximum  index  a,  a  minimum  7, 
and  a  mean  value  /9 ;  a  is  the  index  for  the  rays  propagated  at  right  angles 
to  0,  but  vibrating  parallel  to  a ;  /9  is  the  index  for  rays  propagated  pei-pen- 
diciilarly  to  b,  by  vibrations  parallel  to  b ;  7  ia  the  index  for  rays  propagated 

perpendicularly  to  t,  but  vibrating  parallel  to  c.     a  =  -,  y9  =  r .  7  =  -- 

If  a,  /9,  and  7  are  known,  the  value  of  the  optic  axial  angle  (2  F)  can  bo 
calculated  from  them  by  the  following  formula: 


V       J        „^ 


Diversion  of  the  <mtio  axes. — It  ia  obvious  that  the  three  indices  oi 
refraction  may  Lave  different  valnes  for  the  different  colors,  and  as  the  angle 
of  the  optic  axes,  as  explained  in  the  last  paragraph,  is  determined  by  these 
three  values,  the  axial  angle  will  also  vary  in  a  corresponding  manner. 

This  variation  in  the  value  of  tlie  axial  angle  for  rays  of  diffei-ent  wave 
lengths  is  called  the  dispersion  of  the  axes,  and  the  two  possible  cases  are 
dibtinguislied  by  writing  p  >  v  when  the  angle  for  the  red  rays  (p)  is  greater 
tlian  tor  the  blue  (violet,  v),  and  p  <  v  when  the  reverse  is  ti-ne. 

In  the  properties  thus  far  mentioned,  the  three  systems  are  alike ;  iu 
details,  however,  they  differ  widely. 

Practical  Investigation  of  Biaxial  Crystals. 

Interference  fpures, — A  section  cut  perpendicular  to  either  axis  wiU 
show,  in  convergmg  polarized  light,  a  system  of  concentric  rays  analogona 
to  those  of  uniaxial  crystals,  f.  390,  but  more  or  less  elliptical.  There  ia, 
naoreover,  no  black  cros^  but  a  single  black  line,  which  changes  its  positioa 
M  tlie  Nicols  are  revolved. 

n  .J  ii/j'- ■;■-  V-  it.n.is;iC 
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If  a  section  of  a  biaxial  ciystal,  cnt  perpendicularly  to  the  first,  tliat  in 
acnte,  bisectrix,  lb  viewed  in  the  polariscope,  a  different  phenomenon  ia 
observed. 

There  are  seen  in  this  ease,  BnppoBing  the  plane  of  the  axes  to  make  an  angle 
of  45°  Willi  the  planes  of  polarization  of  the  crossed  Nicols,  two  bhi<:k  hyper- 
U>laB,  marking  the  position  of  the  axes,  a  series  of  elliptical  curves  surround- 
ing the  two  centres  and  finally  uniting,  forming  a  series  of  leintiiscatea. 
If  monoehmmatic  light  is  employed,  the  rings  are  alternately  light  and 
dark;  if  white  light,  each  ring  shows  the  snct^essive  colors  of  the  specti-um. 
If  one  of  tlie  Nicol  prisms  be  revolved,  the  dark  hyperbolic  brushes  gradu- 
ally become  white,  and  the  colors  of  the  rings  take  the  couiplemeutary  tints 
after  a  revolution  of  90°.  Since  the  black  hyperbolic  hrushes  mark  the 
position  of  tlie  opiic  axes,  the  smaller  the  axial  angle  the  nearer  together 
are  the  hyperbolas,  and  when  the  angle  is  very  Bmall,  the  axial  figure 


observed  closely  resembles  the  pitiiplf  cross  of  a  uniaxial  crystal.  On  the 
other  hnnd,  when  the  axial  aii^'le  is  \si\iiv  the  hyperholaa  are  far  apart,  and 
roav  even  ho  so  far  apart  ns  to  l»e  invisible  in  the  field  of  the  jpolanscope. 

Whi't!  the  plane  of  the  axes  coincidos  with  the  plane  of  vibration  foi 
either  Niir^  1,  these  being  cnnsed,  an  nnsyitnnotrical  bluck  en)ss  is  ol)served, 
and  also  a  series  of  elliptical  curves.  Both  these  figures  are  well  exhibited 
>m  the  fnintii^piece;  the  one  gradually  clitiiiKes  into  the  other  as  the 
crystal -section  is  revolved  in  the  horizontal  plane,  the  Nicols  remaining 
stationary. 

A  section  of  a  biaxial  crystal  cut  perpendicular  to  the  obtuse  bisectrix 
will  exhibit  the  same  figures  under  the  same  conditions  in  polarized  light, 
wlioii  the  angle  is  not  loo  lar^e.  This  is,  however,  <:enerally  the  case,  and 
id  CiiiiPequence  the  axes  suffer  total  r'-ficciion  on  the  inner  surface  of  the 
Be<:tiou,  and  no  axial  figui-es  &i¥  visible.     This  is  sometimes  the  case  also 
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with  a  Bection  cut  normal  to  the  acnte  bisectrix,  when  the  angle  is  large. 
A  micrometer  scale  in  the  polariscope,  i.  834,  allows  of  an  approximate 
measurement  of  the  axial  angle ;  the  value  of  each  division  of  the  scale 
being  known. 

jUeamremetit  of  the  axial  angle.* — The  detertnination  of  the  angle  made 
by  the  optic  axes  is  of  the  highest  impnrtecfice,  and  the  method  of  prooe* 
dure  oficrs  no  great  difficulties.  Fisr^l  shows  the  instrument  recom- 
mended for  this  purpose  by  Dee6Toizeauz ;  its  general  features  will  be 
anderstood  without  detailed  :deecription ;  some  improvements  have  been 
introduced  by  Groth,  whicli  make  the  instrument  more  accurate  and  con- 
venient of  use.  The  section  of  the  crystal,  cut  at  right  angles  to  the  bisec- 
trix, is  held  in  the  pincers  at  c,  with  the  plane  of  tlie  axes  horizontal, 
making  an  angle  of  45°  with  the  plane  of  vibration  of  the  Nicols  {I^N). 
There  is  a  cross- wire  in  the  focus  of  the  eye-piece,  and  as'  the  pincers  bola> 
ing  the  section  are  tamed  by  the  surew  F,  one  of  tlie  axes,  that  is  one  black 
hyperbola,  is  brought  in  coincidence  with 
toe  vertical   cross-wire,  and  then,  by  a  *J9 

further  revolution  of  F,  the  second.     The  la' 

angle  which  the  section  has  been  turned 
from  one  axis  to  the  second,  as  read  off 
at  the  veniior  S  on  the  graduated  circle 
above,  is  the  appa/rent  angle  for  the  axes 
of  the  given  crystal  as  seen  in  the  air 
{aea,  f.  402).  ft  is  only  the  apparent 
angle,  for,  oi^-ing  to  the  rof  i-action  suffered 
on  passing  f  ixirn  the  section  of  the  crystal 
to  tlio  air,  tlie  true  axial  angle  is  more  oi 
loss  increased,  according  to  the  refractive 
index  of  the  given  crystal. 

This  being  undei-stood,  the  fact  already 
stated  is  readily  intelligible,  that  when  the  axial  angle  exceeds  a  certain 
limit,  the  axes  will  suffer  total  reflection  (p,  128),  and  they  will  be  no  longer 
visible  at  all.  When  this  is  the  case,  oilf  or  some  other  medium  with  high 
refi-active  power  is  made  use  of,  into  which  the  axes  pass  when  no  longer 
visible  in  the  air.  In  the  instrument  described  a  small  receptacle  holding 
the  oil  is  brouglic  between  the  tubes,  t^  seen  in  the  £gnre,  and  the  pincers 
holding  tlie  sectiou  are  immei-sed  in  this,  and  the  angle  measured  as  before. 

In  tlie  majority  of  cases  it  is  only  the  acnte  axial  angle  that  it  is  practi* 
cable  to  measure ;  but  sometimes,  especially  when,  oil  is  made  use  of,  the 
obtuse  angle  can  also  be  determined  nom  a  second  section  normal  to  the 
ubtuse  bisectrix. 

If     ^  =  the  apparent  serai-axial  angle  in  air  (f.  40^. 
\  St=  the  apparent  semi-acute  angle  in  oil, 
\H,=    "^        ■'  "    obtuse    «     "    « 

V.  =  the  real  (or  interior)  semi-acute  angle  (f.  402), 
p-^  _     «     «       ..         u        senii-obtuae    "     (f.  402). 
n    =  index  of  refraction  for  the  oil. 
$    =  the  mean  refractive  index  for  the  given  crystallized  snbetanoe. 
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■in  JE'=nBin5i;  ain  K  =  p  ein  ^.;  ein  F^: 


Tlieee  formulae  ^ve  the  trne  interior  angle  from  the  meaenred  ap}areiil 
anelo  when  the  mea.a  refractive  index  (/3)  ie  known. 

If,  however,  it  ie  poBsible  to  measure  both  the  acute  and  obtuBo  apparent 
angles,  the  tme  angle,  and  also  the  value  of  0,  can  be  determinea  from 
them.    For  sin  F^  =  coo  F,,  hence : 

tan  F.: 

In  meaauring  this  angle,  if  white  light  ia  employed,  the  colon  beine 
aepai-atcd,  the  position  of  the  hyperbolas  is  a  little  nncertain;  hence  it  la 
always  important  to  measure  the  angle  for  monochromatic  light,  red  and 
,  yellow  and  blue  particularly.  Thla  is  especially  essential  where  the  disper- 
sion of  the  axes  ia  considerable. 

/determination  of  the  indices  of  refraction.* — The  values  of  the  three 
indices  of  refraction,  a,  /9,  7,  for  biaxial  crystals,  may  be  determined  from 
three  prisma  cut  with  tlieir  refracting  edges  parallel  respectively  to  the 
three  axes  of  elasticity  a,  b,  and  c.  In  each  cuse,  after  the  angle  of  the 
prism  has  been  measured,  the  angle  of  minimum  deviation  must  bo  meaa- 
nred  for  that  one  of  the  two  re&acted  rays  whoso  vibrations  are  parallel 
to  the  edge  of  tbe  pnsm ;  the  formula  of  p.  128  is  then  employed. 

It  is  possible,  however,  to  obtain  the  values  of  a,  /3,  and  7  with  two 
priama  •  in  this  caeeone  of  the  prisma  must  bo  so  made  that  its  vertical  edge 
IB  parallel  to  one  axis  of  elasticity,  while  the  line  bisecting  its  refracting 
angle  at  this  edge  is  parallel  to  a  second.  In  the  cara  of  such  a  prism  the 
minimum  deviation  of  the  ray  is  obtained  for  both  raya,  that  ha^'ing  its 
vibrationa  parallel  to  the  prism-edge,  and  that  vibrating  at  right  angles  to 
this,  that  is  parallel  to  the  bisector  of  the  prismatic  angle. 

Of  the  three  indices  of  refraction,  ^  is  one  which  it  is  most  important  to 
determine,  since  by  means  of  it,  in  accordance  with  the  above  fomuilas, 
the  true  value  of  the  axial  angle  can  be  calculated  from  its  apparent  value 
in  air.  The  prism  to  give  the  value  of  j3  ahould  obviously  have  ita  i-efract 
ing  edge  parallel  to  the  mean  axia  of  elasticity  b,  that  is  at  right  angles  to 
the  plane  of  the  optic  axea.  ^^ 

JJetermination,  of  thepo»itiv6  or  negative  cJu^acter  of  hiaasial  cryataln.  ^B 
— The  question  of  the  positive  or  negative  character  of  a  biaxial  cry&lal  is  ^P 
determined  from  the  values  of  the  indices  of  ^efra(^tioll,  where  these  can  b« 
obtained.  If  c,  the  axis  of  least  elasticity,  is  the  acute  bisectrix,  ihe  crystal 
is  optically  positive  ;  if  0,  the  axis  of  greatest  elasticity,  is  the  acute  bisec- 
trix, tlie  crystal  is  optically  negative;  iu  the  former  case  tlie  value  of  b  is 
Doaier  that  of  c  tlian  of  a,  in  tlie  second  case  the  reverse  of  this  is  true.        n 

There  is,  however,  a  more  simple  method  of  solving  the  puiblcin,  as  was 
remarked  ali»o  in  regard  to  uniaxial  crystals.     The  methods  are  similar. 
I      The  quartei'-undnlatio!]  mica  plate  may  be  employed  iust  ae  with  uniaxial 
I  crystals,  but  ita  use  is  not  very  satisfactory  excepting  when  the^^ial  diver- 
gehce  is  quUe  amali.     In  this  case  it  can  be  empToye3"to  advant^ga  the 
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plane  of  the  axes  of  the  orratal  investigated  being  made  to  coincide  with 
the  vibration -plane  of  one  oi  the  Nicols.  The  more  geuei^aT  methtid  is  the 
employment  of  a  wedge-shaped  piece  of  qnartz";  this  ib  bo  cat  that  one  bui^ 
face  coincides  with  the  direction  of  the  vertical  axis,  and  the  other  mal^ea 
an  angle  of  i°  to  6°  with  it.  By  this  means  a  section  of  varying  thicknese  is 
obtained.  The  eection  to  be  examined  normal  to  the  acute  bisectrix  is 
bronglit  ijetweeu  the  crossed  Nicols  of  the  uolariscope  (f.  3K4),  and  with  its 
axial  plane  making  an  angle  of  45"  witli  the  pojanzat i on-p I ari e  of  the 
Nicol  prisms  ;  that  is,  so'tliat  the  •black  liYpefbolMai'eYiBible.  The  qnartz 
wedge  is-now  iiitrodnced  slowly  between  the  section  examined  and  the 
analyzer;  in  the  instrument  tignred  a  elit  above  gives  an  opportnnitv  to 
Insert  it  The  quartz  eectiun  is  introduced  first,  in  a  direction  at  right 
angles  to  the  axial  plane,  that  is,  to  the  line  joining  the  hyperbolas,  of  the 
plate  investigated  ;  and  second,  parallel^  to  the  axial  plane,  that  is,  in  the 
direction  of  nie  line  joining  the  hyperbolas,  la  one  direction  or  the  other 
it  will  be  seen,  when  the  proper  titickneea  of  the  quartz  wedge  is  reached, 
that  the  central  rings  appear  to  increase  in  diameter,  at  the  same  time 
advancing  from  the  centre  to  the  extremities. 

The  effect,  in  other  words,  ia  that  wliich  wonld  have  been  prodnced  bj 
the  thinning  of  the  given  section.  If  the  phenomenon  is  observed  in  the 
first  case  when  the  axis  of  the  qnartz  is  parallel  to  the  axial  plane,  that  is 
to  the  obtuse  bisectrix,  it  shows  that  this  bisectrix  must  have  an  opposite 
sign  to  the  quartz,  that  is,  the  obtuse  bisectrix  isnegative,  and  the  acute 
bisectrix  positive.  If  tlie  mentioned  change  in  tlte  interference  figures 
takes  place  when  the  axis  of  the  quartz  is  at  right  angles  to  the  axial  plane, 
tbisn  obviously  the  opposite  must  be  true  and  tlie  acute  bisectrix  is  neyaiive. 

The  same  effect  may  be  obtained  by  bringing  an  ordinary  qiiai-tz  section 
of  greater  or  lees  thickness,  cut  normal  to  tlie  axis,  between  the  analyzer  and 
the  crystal  examiued,  and  then  inclining  it,  fii«t  in  the  dii-ection  of  tlie 
axial  plane,  and  again  at  right  angles  to  it.  The  method  of  investigation 
with  the  quartz  wedge  can  be  applied  even  in  those  oases  where  tlie  axial 
angle  is  too  large  to  appear  in  the  air. 

ii'or  the  investigation  of  the  absorption  phenomena  of  biaxial  crystals, 
see  p.  166. 

DisTiaauiaHiNa  Optioai.  Coasaotebs  of  Ohthobbohbio  OaTSTAU. 

In  the  Orthorhomhie  System,  in  accordance  with  the  symmetry  of  the 
crystallization,  the  three  axes  of  elasticity  aoincide  with  the  tliree  crystallo- 

r  graphic  axes.  Further  than  this,  there  is  no  immediate  relation  between 
^  uie  two  sets  of  ayes  in  respect  to  magnitude,  for  the  reason  that,  as  has  been 
\  /  stated,  the  choice  of  the  crystallographic  axes  is  arbitrary,  and  has  been 
C/     made,  in  most  r-xses,  without  reference  to  the  optical  cliaracter. 

Schrauf  has  proposed  that  the  crystallographic  vertical  axis  (cj  should  be 
always  made  to  coincide  with  the  acute  bisectrix,  which  would  bo  very 
desirable,  especially,  as  urged  by  him,  in  showing  the  true  relations  between 
the  orthorhombic  and  hexagonal  systems.  Of  course,  this  suggestion  can 
be  carried  out  only  in  tiiose  species  in  which  the  optical  character  is  known. 

Bakamf  (Pity*-  Kin.,  p.  803,  803)  bM  ■hmra  Ikan  ta  a  oIom  ■nilon'  between  ouWa 
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OTthorhombla  ccTitili  wIlobs  prinmatfo  ui^  U  neM  190°  (oompan  Mnuik*  (m  twlua,  p.  H) 
wdtheoTTBtitlHof  the  hexagoml*7Biem.  withtheae  the  acute  biseotiix  u  miif ormlj  panJId 
to  the  priamatlc  ed^,  and  nonnal  to  the  Bix-dded  basal  plana,  analc^iia  to  the  one  optio  axia  ot 
trne  hoxagronal  foraH.  HoTnover,  he  showi  that  the  nearer  the  priamatio  angle  approadiea 
120°,  the  leM  the  difference  between  tlie  three  aseeof  elastioil^,  and  the  nearer  the  a^prtmA 
to  the  nniaxial  character. 

B;  the  combination  of  tbio  plates  of  a  biaxial  mica  optical  phenomena  maf ,  nndei  «oina 

oonditione,  be  obnerred  in.  polarized  light  which  are  similar  to  thoM  shown  b;  nniaxial  017a- 

tals.     Sunilarly  twins  of  chrjsober;!  (p.  97)  have  been  dewnlbed  which  in  spots  gave  Uia 

axial  imsfs  of  nniaxial  orrstals.     This  sa^act  has  been  investigated  by  Beosoh  (Piwg. 

-  oxxxT).,  636,  eS7,  ISflS),  and  later  b7  Cooke  (Am.  Aoad.  Sci.,  Boston,  p,  35,  1874). 

Praetieal  Optical  Invatigation  of  Orthorhotii^  Or^fttalt. 

Determination  of  the  plana  of  the  optic  axes. — The  position  of  the 
three  axes  of  elasticity  in  an  orthorhombic  crystal  ia  always  known,  since 
they  must  coincide  with  the  crjatallographic  axes  ;  but  the  plane  of  the  opiie 
axes,  that  is,  of  tlie  axei^'  of  gi'eateet  (a)  and  least  (c)  elaBticity,  mnet  in  each 
caae  be  determined.  This  plane  will  be  parallel  to  one  of  the  three  diame- 
tral or  pinaooid  planes.  In  order  to  detennine  in  which  the  axes  lie,  it  is 
necessary  to  cut  sections  parallel  to  these  three  directions ;  one  of  these  three 
sections  will  in  all  ordinary  cases  show,  in  convei^ing  polarized  light,  the 
interference  iigai'ea  pecnliar  to  biaxial  crystals.  It  is  evident,  too,  £at  two 
of  the  three  sections  named  determine  the  character  of  tlte  thinl,  so  that 
the  plane  of  the  optic  axes  and  the  position  of  the  acute  bisectrix  can  be  in 
practice  generally  told  from  them, 

Measuremeni  of  the  axial  angle,  p  ^  w. — From  the  section  showing  the 
axial  tigni-es,  that  is,  normal  to  tlie  acute  bisectrix,  the  axial  angle  can  be 
measured  in  the  manner  which  has  been  described  (p.  149).  If  it  is  prac- 
ticable to  determine  also  the  obtuse  axial  angle,  from  a  second  section  nor- 
mal to  the  obtuse  bisectrix,  it  will  be  possiole  to  calculate  the  trne  axial 
angle  from  these  data,  and  also  the  mean  index  of  refraction  ()3). 

There  is  further  to  be  determined  tlie  dispei-sion  of  the  axes.     Whether 
the  axial  angle  for  red  rays  is  greater  or 
*08  less  than  for  biue{p  >  v,ov p  <  t))can  be 

seen  immediately  from  the  figure  of  the 
axes,  as  in  f.  la,  li,  in  the  colored  plate, 
(frontispiece).  lUis  obvionsly  tme  in  this 
case,  f I'oin  f.  1«,  as  also  f .  IJ,  tliat  the  angle 
for  the  blue  rays  is  greater  than  that  for 
the  red  (p  <  -6),  and  so  in  general.  This 
same  point  is  also  accurately  determined, 
of  course,  by  the  inensui-ed  angle  for  the 
two  monochromatic  colors. 

In  all  cases  the  same  line  will  be  the 
bisectrix  of  the  axial  angle  for  both  blue 
and  red  rays,  so  that  the  position  of  the 
respective  axes  is  symmetrical  with  refer* 
ence  tothe  bisectrix.     In  f.  403,  the  dia- 

Eereion  of  the  a^es  in  illustrated,  where  p  <  v\   it  is  shown  also  that  the 
nes.  ^^  and  ^^,  bisect  the  angles  of  both  red  {fiOp')  and  blue 
(v&v')  rays.    It  also  needs  no  farther  explanation  that  for  a  certain  relation 
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)f  th«  refractive  indices  of  the  different  colore,  the  acute  bisectrix  of  the^ 
axial  angle  for  red  rajs  may  be  the  obtuse  bisectrix  for  the  angle  for  bluej 
raya. 

Indicea  of  reaction,  eta. — The  determination  of  the  indices  of  refrac- 
tion and  the  character  ( +  or  — )  of  the  acute  bisectrix  is  made  for  ortiio- 
rhombic  crystals  in  the  same  way  as  for  all  biaxial  crystals  (p.  150).  It  is 
merely  to  be  mentioned  that,  since  the  axes  of  elasticity  ^ways  coincid(.< 
with  Uie  cryatallographic  axes,  it  will  happen  not  infrequently  that  crystala 
witliout  artificial  preparation  will  furnish,  in  their  prismatic  or  dome  series, 
prisms  whose  edees  are  p^irallel  to  the  axes  of  elasticity,  and  consequently 
»t  once  suitable  £ir  the  determination  of  the  indices  of  refraction. 


[jSUri 
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Position  nf  the  axes  of  elastieity. — In  crystals  belonging  to  the  mono- 
dinio  system  one  of  the  axes  of  elasticity  always  coincides  with  the  or'Hio- 
diagonal  axis  b,  and'  the  other  two  lie  in  tlie  plane  of  symmetry  at  r)!|(lit 
angles  to  this  axis.  Here  obviously  three  esses  are  possible,  accordinc^ 
to  which  two  of  the  axes,  a,'  b,  or  c,  be  in  the  plane  of  symmetry. 

Corresponding  to  these  three  positions  of  the  axes  of  elasticity,  there  may 
occnr  three  kinds  of  dispersion  of  these  axes,  or  dispersion  of  the  biseetrices. 
This  dispersion  arises  from  the  fact  that,  \FhiIe  tlie  position  of  one  axis  of 
elasticity  is  always  fixed,  the  position  of  tlie  other  two  is  indeterminate  and 
for  the  same  crystal  may  be  different  for  the  different  coloi's,  so  that  the 
bisectrices  of  the  different  colors  may  not  coincide. 

J)ispersion  of  t/ie  bisectrices. — 1.  The  bisectrices,  that  is,  the  axes  of 
greatest  and  least  elasticity,  lie  in  the  plane  of  sym- 
metry, while  the  orthodiagonal  axis  b  coincides  with  ti.  404 
The  optic  axes  here  suffer  a  dispersion  in  this  plane 
of  syiniuetrv,  and.  as  already  stated,  they  do  not, lie 
E^mmetrically  witli  reference  to  the  acute  bisecti'ix. 
This  is  illuatmted  in  f.  404,  where  JlMis  the  bisec- 
trix for  the  angle,  vOv',  and  BS  for  the  angle  pOp'. 
This  kind  of  dispersion  is  called  by  BesUloizeauz 
indiTied  (dispersion  inclin^). 

2.  The  second  case  is  tliat  where  the  plane  of  the 
optic  axes  is  perpendicular  to  the  plane  of  symmetry, 
and  the  acute  bisectrix  stands  at  right  angles  to  the 
ortliodiagonal  axis  J.  In  other  words,  the  aout6-v 
bisectrix  and  the  axis  of  mean  elasticity  both  lie  in 
the  plane  of  symmetry.  In  this  case  also,  dispersion 
of  the  axes  ma^  take  place,  and  in  this  way — the 

Elane  of  the  optic  axes  tor  all  the  colore  lies  parallel  to  the  orthodiagonal, 
ut  these  planes  may  have  different  inclinations  to  tlie  ve'tical  axis.  This 
is  called  korisontal  diBt>eraion  by  DcsCloizeaux. 
.  3.  Still  e^ain,  in  the  third  place,  the  plane  of  the  optic  axes  lies  pcrpen 
iicnlar  to  tne  plane  o^  symmetry  ;  but  in  this  case  me  acute  bisectrix  is 
parallel  to  tlie  crystallographic  axis  b,  so  that  the  obtuee  bisectrix  and  axie 
of  mean  elasticity  lie  in  vae  plane  of  symmetry.    The  dispersion  whioli 
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rasiiits  in  thiB  caae  is  called  by  DeaOloizeaiiz  orossed  (dispersion  tonniBHtc, 
or  croisde). 

Dispersion  as  shown  in  the  viUerference  Jigva-es. — If  an  axial  socUoD 
of  a  luniKxtlinic  crvetal  be  exanuDed  m  <»nvflrgiDg  polai'ized  light,  the  kind 
of  dieperfiiun  whiuh  characterizes  it  will  be  indicated  by  the  nature  of  the 
interference  figures  observed ;  the  three  cases  are  ilhiati-ated  by  the  figures 
upon  the  frontispiece,  taken  from  DesCloizeaiuc  (frontispiece), 

FjgB.-lo,  15  repi-eaent  the  interference  figures  for  an  orCliorhombic  crystal 
(nitre),  characterized  by  the  symmetry  in  the  size  of  the  rings,  and  the 
distrioution  of  the  colors.  Figs.  3a,  2b  (diopaide),  3a,  Zb  (ortliocTaee),  4a,  4J 
(borax),  are  examples  of  the  corresponding  figui-ee  fc»r  monoclinic  crystals, 
chai-acterized  as  such  more  or  less  distinctly  by  the  want  of  symmetry  in 
the  size  of  the  rings  about  the  two  axes,  and  the  irregularity  in  Uie  arrange- 
ment of  the  colors, 

(1)  Inclined  dispersion. — Where  the  axes  are  not  synimetrically  situated 
with  reference  to  tlie  acute  bisectrix.  The  relation  of  tlie  two  axial  figui'es 
is  illustrated  by  f.  406.    Id  f.  So,  2i  this  kiud  of  dispersion  is  indicated  by 


the  position  of  the  red  and  blue  at  the  centres  of  the  rin;^,  and  on  the 
bordei*  of  the  hyperbolas,  compare  f.  la,  IJ  of  the  normal  figure,  where 
there  is  no  dispersion  of  the  bisectricea. 

(2)  Horisontal  dispersion,  where  the  planes  of  the  optic  axes  for  the 
di0erent  colors  make  different  angles  with  the  axis. — This  is  illusti-ated  by 
f.  40C.  The  effect  uponthe  interference  figui-M  is  seen  in  f.  3o,  3i  of  the 
plate,  by  comparing  the  colors  within  the  rings  (f.  Str),  and  on  the  borders 
of  the  hyperbolas  (f.  35),  with  f.  lo,  15. 

(3)  Orossed  dispersion,  where  the  acute  bisectrix  coincides  with  the 
crystallograpliic  axis  5. — This  is  illustrated  in  f.  407,  and  the  interference 
figures  belonging  to  this  kind  of  dispersion  are  seen  in  f,  4a,  45  of  theplato, 
compared  aa  oeiore  with  la,  15,  and  with  the  other  figures. 


Praatieia  Optiedi  InvaUffoUtm  ef  MmoeOUe  OryMU. 

Determination  of  iJie  position  of  the  aaes  of  elasticity,  that  is,  the  direc- 
tions ofvihration.  Staurosoope. — The  position  of  one  axis  of  elasticity  is 
alone  known,  since,  as  has  been  stated,  it  coincides  with  tlie  crystallograpbic 
axis  5.  ]  n  order  to  determine  the  position  of  the  other  axes  in  the  plane  of 
sjmmetrj,  where  they  necessarily  lie,  use  is  mode  of  an  instnimeut,  first 
proposed  by  yon  Kobell,  called  the  Stauboboope.  The  principle  of  this 
instrument  is  very  simple.  Suppose  that  the  two  Nicols  in  the  polari* 
scope  (f.  385)  have  their  planes  of  polarization  crossed,  causing  the  nuzi- 
mum  extinction  of  light.     Now,  if  a  section  of  any  biaxial  crystal  is  bron^t 

n  .J  ii,-j'- ■;■-  V-  it.n.i>,;i\_ 
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between  them,  obvionaly,  if  the  poeition  of  ite  two  rectangular  axea  ol 
elasticity,  which  are  ite  two  directions  of  Tibration,  coincside  with  th(»o  of 
the  two  Kicols,  it  will  produce  no  change  in  appearance  ;  the  field  of  the 
polariscope,  which  was  dark  before,  remainB  oark.  But  suppose,  on  the 
other  hand,  that  it  is  placed  in  any  other  position  ii.  the  plane,  bo  tliat  its 
two  rectangnlar  directions  of  vibration  do  not  coincide  with  thoee  of  the 
Nicola,  the  field  is  no  longer  dark,  but  more  or  leds  light.  The  reason  foi 
this  is,  that  the  light  from  the  lower  Nicol  meeting  the  crystal  piate  is 
Beparated,  according  to  the  law  of  the  parallelogram  of  forces,  into  two  eeta 
of  vibrations,  which  are  again  resolved  by  the  analyzing  Nicol,  and  only  one 
set  extinguished  by  it  It,  however,  the  plate  be  gradually  changed  in  posi- 
tion, that  is,  revftlved  horizontally,  until  its  vibration-directions  (axes  of 
elaeticily)  coincide  with  those  uf  the  Nicola,  then,  as  at  first,  the  light  is  ex- 
tinguished. If  the  angle  is  measured  which  it  is  necessary  to  revolve  the 
section  to  accomplish  tlie  result  jnst  remarked,  that  will  be  the  angle  be- 
tween the  direction  of  one  of  the  axes  of  elasticity  of  the  plate  in  its  original 
position  and  the  vibration-plane  of  tlie  Nicol. 

In  figure  408,  let  the  two  larger  rectangular  arrows  represent  the  vibration- 
diroctione  for  tlie  two  Nicols,  and  between  the  two 
prisms  suppose  a  section  of  a  monoclinic  crystal,  408 

alkxl,  to  be  placed  so  that  one  edge  of  a  known  crys- 
tallographic  plane  (e^.,  i4)  coincides  with  one  of 
these  lines.  Tnefieldof  the  microscope,  dark  before, 
since  the  prisms  were  ciY»sed,  is  no  longer  so,  and 
becomes  dark  again,  as  explained,  only  when  the 
crystal  is  i-cvolved  so  that  its  vibration-directions 
(the  smaller  dotted  arrows)  coincide  with  those  of 
the  Nicola,  which  is  indicated  by  the  maximum 
extinction  of  the  light  The  crystal  has  then  the 
position  a'b'o'd'.  The  angle  (i.  408),  which  it 
has  been  necessary  to  revolve  the  plate  to  obtain 
the  effect  desciibed,  is  the  angle  w^icli  one  of  the  axes  of  elasticity  in  the 
given  plate  makes  with  the  given  crystal lographic  edge  i-i. 

The  preceding  explanations  cover  everything  tliat  is  essential  in  the 
Stauroscope ;  but  a  variety  of  improvements  have  been  introduced,  which 
practically  make  the  measurements  by  means  of  tlie  instrument  much  more 
easy  and  accurate. 

It  will  be  seen  that  the  meet  important  featnre  is  the  point  where  the 
maximum  extinction  of  tlie  light  occurs  ;  this,  however,  is  not  easy  for  the 
eye  to  decide  upon,  and  if  the  trial  is  made,  it  will  be  found  that  the  change 
produced  by  a  revolution  of  several  degrees  is  hardly  perceptible.  To 
overcome  this  difiiculty,  von  Kobell  proposed  to  introduce  a  section  of  cal- 
cite  just  below  the  analyzer,  because  its  interference  figure  gives  a  lietter 
op|iortunity  to  judge  of  a  change  in  the  intensity  of  the  light  A  still  better 
plan  is  to  introduce  a  composition  plate  of  calcite,  as  proposed  by  Brezina, 
giving  a  peculiar  interference  figure,  a  very  slight  change  in  whicli  destroys 
its  symmetry,  and  it  takes  its  normal  form  onlv  when  the  planes  of  polariza 
tion  of  the  two  Nicols  are  acactly  at  right  angles.  Supposing  this  to  be  the 
cose,  when  the  crystal  has  been  introduced  the  interference  figure  isdisturbed, 
it  retani3  to  its  normal  appearance  only  when  the  crystal  has  been  revolved 
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to  the  point  where  the  vibration -directions  of  the  Nicole  and  crystal  eection 
exactly  coincide.* 

It  will  be  observed  again,  that  it  is  essential  that  the  direction  of  the 
known  edge  of  the  crystai  should  be  exactly  parallel  to  the  vibration-direc- 
tion of  one  of  the  Nicola.  This  condition,  in  the  case  of  small  crrstsla 
especially,  is  hard  to  fulfil,  and  to  accomplish  it  most  satisfactorily  Gi-oth 
lias  pi-uposed  U*  use  the  plate  shown  in  f.  409. 

The  plate  of  glass,  v,  neld  in  ita  present  poeltion  by  the  spring,  has  one 
edge  polished,  which  adjoins  u,  and  the  direction 
*W  of  this  is  made  to  coincide  exactly  with  the  line 

joining  the  opposite  zero  points  of  the  graduit 
tion.  The  crystal  section  is  attached  to  this  plate 
over  the  hole  seen  in  v,  and  with  a  plane  of 
known  cnstailographic  position,  cither  O,  i-i  or 
a  piano  m  that  zone  or  a  corresponding  edge, 
coinciding  with  the  direction  of  the  polished  edge 
of  tlie  plate.  Whether  this  coincidence  is  exact 
can  be  tested  by  the  reflective  goniometer.  In 
order  to  eliminate  any  small  error,  Grotb  pro- 
poses to  measure  the  divergence  from  the  exact 
coincidence,  and.  then  to  make  a  corresponding 
correcMon,  for  which  he  furnishes  a  series  of  tables. 

After  the  adjnsttnent  of  the  crystal  section  on  the  plate,  the  latter  is 
inserted  in  its  place,  the  whole  piate,  I,  X:,  occnj^ying  the  position  indicated 
in  f.  3S5,  and  the  Nicols  so  adjusted  that  the  plane  of  vibration  of  one 
coincides  witli  the  line  0°  to  180  .  The  angle  of  revolution  of  tlie  plate,  I, 
is  obtained  from  the  gi-aduated  scale  on  A. 

It  is  not  always  easy  to  make  the  adjuBtraent  of  the  Nicols  alluded  to, 
but  the  error  ariaing  when  the  vil)ration-plane  of  the  Nicol  does  not  coincide 
with  the  line  0°  to  180°  is  easily  eliminated.  This  is  accomplished  by  remov- 
ing the  plate  v,  and,  without  disturbing  the  crj'Stal  section,  restoring  it  to 
its  place  in  an  inverted  position.  The  measured  angle,  if  before  too  great, 
will  now  be  as  much  too  small,  and  the  arithmetical  mean  of  llie  two 
meaenremente  will  be  the  true  angle. 
Keference  further  may  be  made  to  Qroth,  Fogg.  Ann.,  cxliv.,  34, 1871. 
DeUfTnination  of  the  plane  of  the  optic  axes. — The  investigation  of  a 
•ection  ot  a  monoclinic  crystal  parallel  to  the  plane  of  symmetry  determines 
tlie  position  of  the  two  remaining  axes  of  elasticity,  but  it  does  not  fix  the 
relative  position  of  the  greatest  and  least  axes  of  elasticity,  that  is,  the  plane 
of  the  optic  axes.  To  solve  the  latter  point,  sections  normal  to  each  of  the 
tliree  axes  must  be  examined  in  converging  polarized  light,  and  one  of 
them  will  show  the  cliaracteristic  interference  figures.  The  section  parallel 
U)  the  plane  of  symmetry  is  first  to  be  examined,  and  if  it  does  nut  show 
the  axes  even  iu  oil,  one  or  both  of  the  other  sections  spoken  of  must  be 
emploved. 

AxkU  angle,  <ii»persion,  etc — The  method  of  measnring  the  axial  angle 
has  been  already  explained,  and  if  this  is  determined  for  the  different  colon 
it  will  determine  the  diapei-siou  of  the  axes  p  %  v. 

The  dispersion  of  the  axes  of  elasticity  has  been  shown  to  be  always 
indicated  ay  the  character  of  interference  figui'es ;  its  amount,  where  con- 

•  •  See  p.  180  for  ft  deBCripUon  ot  the  CaJdenm  plat«.       "'■'^'^'^ 
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•idcrable,  may  be  determined  b;  making  the  Btauroecopic  lueasuremeDts  Foi 
dificrent  colore. 

The  remaining  points  to  be  ioveetigated,  the  indiccB  of  refraction,  and 
the  -j-  or  —  cliaraeter  of  the  crystal,  need  no  further  explanation  beyond 
that  which  has  been  given,  pp.  150, 151. 

DiBTEneuTBEiHe  OpncAL  Oharactbbb  of  Tbiolhtio  CBieTAi.& 

The  crystals  of  tlie  triclinic  system  are  characterized  by  their  entire  want 
of  crystal! ographic  symmetry,  the  position  and  inclination  of  the  axes  being 
entirely  arbitrary,  and  it  follows  from  this  that  there  is  jio  necessai-y  c»?unec- 
tion  between  them  and  the  rectangular  axes  of  elasticity.  More  than  one  of 
the  three  kinds  of  dispersion  mentioned  on  p.  154  may  occur  in  a  single 
crystal,  and  the  interference  figares  will  indicate  the  existence  of  both. 

The  practical  investigation  of  triclinic  crystals  opti':ally  involves  great 
difficulty ;  in  general  a  series  of  sucocBsive  tnals  are  reqiiii-ed  to  determine 
the  position  of  the  axes  of  elasticity.  When  tliese  are  found,  the  axial  seo- 
tions  can  be  prepared  and  the  axial  angle  determined,  and  the  other  points 
settled  as  with  other  biaxial  crystals. 

BpvBcrr  ov  Hbat  upor  tos  Oftioaii  0aAB&D7ESS  or  Oavtn^iA 

In  addition  to  the  ordinaiy  investigation  of  crystal-sections  in  tJie  polari> 
scope,  it  is  often  important  to  determine  the  inHuenco  of  beat  npon  the 
optical  chnracter  of  crystals.  The  axial  angle  may  be  measured  at  any 
required  temperatui-e  by  the  use  of  a  metal  air-bath.  This  is  placed  at  0, 
(f.  401),  and  extends  beyond  the  instrument  on  either  side,  so  as  to  allow 
of  its  being  heated  with  gas  bnrtiers ;  a  thermometer  inseited  in  the  bath 
makes  it  posaible  to  regulate  the  temperature  as  may  be  desired.  This  bath 
has  two  openings,  closed  with  glass  plates,  corresponding  to  the  two  tubes 
carrying  tlie  lenses,  and  the  cryataJ-sectioTi,  held  as  usual  in  the  piucei'B,  is 
seen  through  theso  glass  windows. 

The  conchisionB  of  DeaCIoizeaux  (see  Literature)  as  to  the  influence  of 
heat  upon  the  optical  characters  of  crystals  are  as  follows : 

(1)  uniojnal  crystals  appear  to  be  uninfluenced  by  a  heating  of  from  10° 
to  190°  C.  {£)  Jiiaxial  crystals  of  the  orthorhomhic  system  suffer  a  greatet 
urless  change  in  axial  angle.  (3)  .Swwiiif^  crystals  of  the  Kionoc/iKW  system 
suffer  a  change  in  axial  angle,  and  in  addition  also  in  llie  plane  of  tlie  axes 
when  it  is  not  the  plane  of  symmetry.  Triclinic  crystals  also  show  a  little 
cliange  in  the  position  of  the  axes. 

A  striking  example  of  the  change  in  axial  divergence  is  furnished  by 
gypsum.  At  ordinary  temperatures  the  axes  lie  in  the  plane  of  symmetry 
(i-t) ;  at  80°  C.  they  unite  in  a  line  making  an  angle  of  37°  iiS'  with  a  nonniu 
to  0;  and  with  an  increased  temperature  tliey  again  separate  in  a  plane 
perpendicular  to  i-i,  DcsCloizeaiix  found  that  the  feldspars,  when  heated 
up  to  a  certain  point,  suffer  a  change  in  the  position  of  the  axes,  and  if  the 
heat  becocnes  greater  and  is  long  continued,  they  do  not  return  again  to  theii 
Driginal  position,  but  remain  altered.     Weiss*  has  made  use  of  this  principle 

*  Zw  Er-nntniM  der  FeldapathliildiiDtr;  Haulem  Soo.  Teihsndl.,  zxt.,  IBH. 


158  PHTSIGAX   OQAVAXrrSBS   OF  lONBBAIJL 

to  determine  at  what  tempei-atnre  certain  foldBp&thio  rocks  were  formed 
Tliis  eoDBtant  change  of  axial  angle  upon  heating  ia  true  also  of  brookite, 
jwieite,  and  other  minerals.  The  invoa titrations  of  Pfaff  show  that  the  opti- 
cal pi-opeitiea  of  some  aiiiasial  crjatals  also  are  affected  by  beating,  though 
lo  no  great  extent.     Fogg.,  oxxiii.,  179,  cxxiv.,  448,  etc. 

AK0MAI.IB8  BeHIBTTBD  BT  BOHR  OBTBTALB  HI  THBIB  OFTIOAL  PheKOVBHA.* 

There  are  a  considerable  number  of  crystals  of  the  three  classes,  wMcJt, 
friiin  a  variety  of  causes,  exhibit  irregularities  in  their  optical  characters  ; 
some  of  tlic  more  important  cases  are  mentioned  here. 

Inomeirio  crystals. — Boraoite,  and  also  senarinontite,  sometimes  exhibit 
interference  figures  resembling  closely  those  of  biaxial  crystals.  In  the 
ease  of  boracite  this  is  explained  by  DesCloizeaux  as  due  to  the  presence 
of  enclosed  crystals  of  pai-asite  formed  by  alteration.  Perofskite  is  also 
strongly  doubly  refracting,  and  in  polarized  light  appears  to  be  biaxial, 
although,  as  whown  by  Kokflcharow,  it  is  isometric  Jn  crystallographic  rela- 
tions. The  irregularities  are  supjjoBed  by  him  to  be  caused  by  the  want  of 
homogeneity  in  the  internal  structure  of  the  crystals. 

The  properties  of  double  refraction  posBessed  by  some  substances,  crystal- 
lized aud  non-crystallized,  which  are  normally  isotrope,  are  explained  by 
Ijiot  to  be  due  to  lamellar  polarization.  This  is  analogous  to  tlie  produc- 
tion of  pcilai'ized  light  by  means  of  a  series  of  thiu  plates  (see  p.  132). 
Alum  crystals  have  often  uie  lamellar  structure,  which  caasea  these  pheuo- 
Diena. 

Analcite  and  leucite  have  been  included  in  the  list  of  isometric  crystals, 
which  exhibit  anomaloua  optical  characters ;  but  the  most  accurate  crj'Stal- 
lographic  determination  has  referred  both  species  to  the  tetj'agoiial  system. 
Tension  or  compression  at  the  time  of  crystallization  may  cause  isotropic 
cryBtais  to  polai-ize  light;  Schrauf  has  described  a  vntoieia^  diamond,  aud 
it  was  loiig  since  shown  by  Brewster  that  some  diamonds  give  evidence  in 
[wlarized  light  of  compression  about  interior  cavitiea. 

Uniaxiai  cryatala. — A  want  of  homogeneity  in  the  crystals,  as  shnwn  by 
DesCloizeaux,  may  cause  uniaxial  crystals  to  exhibit  in  polarized  light  a 
variety  of  abnormal  phenomena.  In  some  cases  tlie  axial  tignres  resemble 
those  of  biaxial  crystals,  the  cross  in  the  middle  of  the  tield  (f.  300)  not 
l>eing  closed,  but  separated  into  two  hyperbolas,  lying  near  each  other, 
Berj'l,  zircon,  vesuvianite,  and  apatite  are  examples.  Tliat  snch  crystals 
are  nevenhelesa  uniaxial  is  proved  by  the  fact  that  the  opening  of  the  cross 
is  independent  of  the  position  of  the  Kicols,  and  is  not  altered  if  tbo  section 
is  turned  in  a  horizontal  plane.  If  this  is  not  true,  or  if,  when  tlio  section 
is  heated  (p.  157)  the  distance  between  the  hyberbolaa  is  altered,  it  is  a 
proof  that  the  irregularity  is  not  due  to  lamellar  polarization,  but  tliaC  the 
two  indices  of  retraction  are  not  exactly  equal,  and  consequently  tliac  the 
crystal  is  not  stricUy  uniaxial.  In  such  cases  a  i«visiou  of  the  crystallo- 
graphical  elements  is  desirable. 

The  axial  figure  shown  by  a  section  of  apophyllite  is  peculiar,  oxhibiting 

itigatiom,  gee  pp. 
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B  aeries  of  rings  alternately  dark  violet,  and  yellow.  The  explanation  ia 
found  in  the  fact  previously  stated,  that  it  is  positive  for  i-ed  rays,  ne^tive 
for  blue,  and  does  not  doubly  refract  yellow  light. 

Among  biaxiair  crystaU  irregnlaritiea  in  the  optical  phenomena  are  often 
observed.  Tliey  are  due  in  part  to  want  of  homogeneity,  in  part  to  twin 
stractnre,  and  also  to  other  causes.  In  brookite  the  planee  of  the  axes  for 
red  and  blue  rays  are  at  right  angles  to  each  other,  and  hence  the  axial 
figaree  vary  much  from  those  normally  observed ;  in  titanite  the  axial  anvie 
fur  the  two  colors  is  widely  different,  and  this  also  gives  rise  to  an  axial 
figure  of  abnormal  appearance. 

Irregular  structure,  due  to  twinning,  is  a  frequent  caase  of  peculiar  opti- 
cal phenomena;  crystals,  in  external  form  apparently  simple,  often  show 
themselves  to  be  made  up  of  irregular  bauded  layers  in  twinned  position, 
when  examined  in  polarized  light ;  this  is  true  of  many  minerals. 

In  some  crystals,  as  occasionally  in  the  epidute  from  the  Untersulzbach- 
tlial  in  the  Tyrol,  the  biaxial  figures  may  be  observed  immediately,  withont 
the  nse  of  the  polariscope.  This  is  due  to  the  complex  twinned  structnre 
of  the  crystal,  a  thin  lamella  in  reverse  position  being  enclosed  in  the 
interior,  so  that  the  parts  of  the  crystal  on  either  side  act  as  polarizer  and 
analyzer. 


t  (^  Oryttat  Stetioiu  nutiU  fir 

The  moat  important  tiak  is  the  preparation  of  a  plate  for  azaminaticm  in  tlia  Btanroeoope, 
or  for  the  obeemtioa  of  tho  axial  inMrference-flg^rea,  In  thig  we  are  often  aaaisCed  bj  tha 
oleavoge,  which  soroetimea  makee  it  poagible  to  obtain  the  Teqoireil  section  without  the  Inboi 
of  cutting  it.  This  ia  occspicuoaalj  the  ouse  with  miou ;  also  with  topaz  and  anhydrite,  and 
other  ninerals.  Samellmea  the  nataral  Borfacea  need  to  be  made  Bmootli  and  polished. 
Furtherrnore  oatnral  ciTstaU  Eometimeg  oooor  in  a  tabular  fonn,  thin  and  transparent  enough 
to  answer  the  purpoec ;  this  is  tme  of  the  ci^stals  of  wulf enite  from  Utah.  In  most  cases, 
however,  the  Motion  must  be  actually  out.  The  means  required  in  moh  oases  vary  with  tha 
haidnees  of  the  mineral  under  eiBminntian.  For  the  hiLrdest  minerals  diamond  powder  i* 
made  nse  of  in  grinding;  it  is  employed  after  the  manner  of  the  lapidary.  (It  may  be  men- 
tioned here  tbat  the  investipitor  will  generally  find  it  for  his  intereHta,  both  as  regards  time, 
money,  and  acouraoy  of  resalts,  to  employ  a  lapidary  to  do  this  work  far  him.)  The  diamond 
powder  is  applied  to  a  thin  wheel  of  soft  iron  or  copper,  rotating  on  a  lathe. 

For  mineraU  which  are  not  so  extremely  hard,  good  emeiy  may  be  used  instead  of  diamond 
powder.  It  is  merely  ueoeBsary  to  apply  the  emery  and  water  to  the  edge  of  the  wheel  as  it 
rerolvea,  the  mineral  being  held  firmly  against.  A  neater  and  more  advantageous  method, 
where  the  amount  of  material  is  small,  is  the  nsa  of  a  Sue  saw,  or  better  vrire,  mounted  in  ■ 
frame,  and  used  with  either  diamond  powder  or  emery  moistened  with  water  or  oil.  The 
cryBta]  may  be  monnI«d  in  wax  or  otherwise,  it  very  sm^ ;  sometimee  a  holder  made  of  ooik 
is  convenient. 

The  direction  in  ivhioh  the  slice  is  to  be  ant  la  of  the  highest  importanos.  and  can  often  be 
indicated  at  OiFt  by  ii  scrstoh  across  a  plme  of  a  cryirtiaL  In  many  oases  it  is  more  simple  ta 
grind  on  a  surface  in  the  proper  direction,  and  this  oan  be  easily  accomplished  by  holding  the 
orystMl  against  a  flne-grained  emery  wheel  rotating  on  a  lathe.  It  can  be  held  aithec  in  the 
Sogers,  or  remented  to  a  small  piece  of  glass,  tor  instance  with  Cnusda  balsam. 

Another  way,  more  simple  as  demanding  no  instmments.  Is  to  moke  use  of  a  flat  pieoe  of 
plate  glass,  not  too  email,  on  which  the  crystal  is  ground  with  moistened  emery,  being  can- 
fnlly  moved  about  with  the  band.  If  some  cases  a  Ble,  or  even  a  knife,  m^  be  nsed,  where 
the  mineiaJ  to  hand  is  soft. 

Wbatever  method  of  grinding  Is  adopted,  it  is  neoeasary  to  eieroiBe  great  oare  to  bring  the 
artifloial  earfaoe  into  exactly  the  proper  direMian.  This  can  be  detemuned  only  as  its  incUn* 
UaoM  tj)  eidstjntr  orystalline  planes,  or  oleaTage  ■oifooes,  are  measured,  and  praotioaily  it  it 
nnasMM  ck  and  test  wbM  ha*  bean  done.    Tbe  panltel  InteweattoM 
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will  often  ahow  the  d^ree  ot  oonsabieas  in  the  work.     For  paipo«ea  of  nieuomiMat  ft  ll 

neuHSSATT  to  polish  the  artSfiaial  plane,  or  instead,  a  email  pieoe  of  thin  glsBB  may  be  oememtud 
on  where  the  crrstal  in  too  small  tor  the  aee  of  the  bnnd-goiiioiaeteT.  It  u  of  ooiirse  ti^oemaiy 
to  know,  before  atiirting,  the  ang'le  which  the  new  plane  will  moke  with  tbe  natnial  {dtlDM 
which  are  already  present.  When  one  plane  In  the  required  diieotion  hu  bean  obtained,  ii 
U  a  compojativelj'  simple  process  to  obtain  a  seoond  paiallel  to  it,  though  care  mnst  be  exer' 
DJRSd  to  attain  aocnracy. 

The  Enqnired  section  having  been  out,  it  remains  only  to  polish  the  snrfaoei.  The  means 
tequlnd  ditfei  ao  widely,  acmnding:  to  the  hardness  of  tbe  mineiaJ,  that  do  fixed  mle  can  ba 
given.  The  most  commonly  need  polishing  powder  is  the  English  red,  or  coIoolliaT,  which 
may  be  need  on  tbe  plate  of  glai-s,  or  leatbec  satfacu,  or  on  a  revolving  wheel  ooveced  wilb  a 
•oft  olobh.  In  other  cases  oxide  of  tin  or  fine  chalk  is  used  ;  and  a^^in  the  simple  plate  of 
gronnd  plass  will  answer  tbe  purpose  without  the  use  of  any  other  means.  As  a  rule,  the 
hardest  minerals  take  the  polish  most  readily.  Sometimes  the  only  method  praoUcabie  is  to 
use  small  fragments  of  thin  glass,  adhering  with  balsam,  by  which  transparency  is  obtained 
wilbont  polish,  though  errors  are  easily  introduced  by  this  means  when  snfRcdent  care  is  not 

The  preparation  of  ptisms  for  tbe  measnrement  of  the  indioea  of  refrnoUon  is  piactioallj 
mnch  more  difficnlt  than  that  of  a  simple  section,  but  in  general  the  methods  are  the  same. 

It  is  often  advisable  to  examine  a  mineral  microsoopicnlly  when  a  slice  in  a  particnlar  direo- 
tton  is  not  needed.  In  sach  oases  nse  can  be  made  of  tbe  methods  employed  in  making  rock 
■lioes.  A  revolving  wheel  of  soft  iron,  vertical  or  horiiontel,  is  employed,  on  the  lateral  sar- 
face  of  which  the  substance  is  ground  with  the  nse  of  emery  moistened  with  water.  A  thin 
sUce,  or  thin  fragment  broken  off,  is  taken  to  commence  with.  First  one  surface  is  ground 
smooth  and  polished.  The  piece  ie  then  cemented  to  a  little  plate  ot  thick  glass  with  balsam, 
and  the  other  side  ground  down  parallel  to  the  firsb  the  grinding  being  oontinned  nlitil  the 
reqnired  degree  of  transpanauJy  is  obtained.  Obviously  when  the  section  becomes  thin  and 
fragile,  tbe  coarse  emery  most  be  replaced  with  fine,  and  a  uonaiderable  degree  of  care  exer- 
cised. Tbe  seoUoQ  obbiined  is  generally  removed  to  another  slip  of  glass  and  mounted  wiUk 
balsam  under  a  thin  glass  cover. 

The  mioroBCopic  investigation  of  minerals,  by  means  of  thin  slices,  is  of  the  highest  import- 
anca,  aside  from  optical  investigatious.  Eveiy  chemical  analyais  should  b«  preceded  by  sudi 
an  examination  to  test  tbe  purity  at  the  material  in  hand.  Where  a  teansparent  section  can- 
not  be  obtained,  a  single  polished  surface,  examined  by  reflected  light,  will  often  nSBco  to 
decide  the  same  point. 

The  valuable  investigatjoua  of  Vogelsang,  Fischer,  Rosenbnsch,  end  otheis,  referred  to  on 
pp.  lOS  to  111,  show  how  many  minerals,  whtoh  at  first  glance  seem  perfect^  pore,  are  found 
to  enclose  imporities  considerable  in  variety  and  amount. 

LiTEBATUBK. —Optic All  Charactebs  ov  CBTnALB. 

BrmetUr.     Tivatise  on  Optios,  and  many  minor  papers  in  Ed,  PhiL  Mag.,  etft 
'  Beer,     Einleitnng  in  die  huhere  Optik  ;  Itmansohweig.  1853. 

Dote.     Daistalluag  der  Farbeoletare  und  optische  Studien  -  Berlin,  18S8. 

Orailkh.     KrystaSographisob- optische  Unteranohungen  ;  Wien,  1858. 
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DIAPHANEITT;    COLOR;   LUSTRE. 

Tbero  are  certain  characteristics  belonging  to  all  minerals  alike,  crystal- 
lized and  non-crj8taI1ized,  in  their  relation  to  ]i"ht.     These  are : 
1.  DiAPHANBiTr;  depending  on  the  power. of  transmitting  light, 
3.  OoLOB ;  depending  on  the  kind  of  light  reQeuted  or  transmitted. 
8.  haarBK ;  depending  ou  the  power  and  manner  of  reflecting  light. 

1.  DupHAHorrT. 

He  amonnt  of  light  transmitted  "hy  •  solid  vanes  in  intensity,  or,. in  othei 
words,  of  the  light  received  more  or  less  may  be  abaorbsd.  Tlie  amonnt 
of  absorption  is  a  minimum  in  a  perfectly  transparent  solid,  as  ice,  wliile  it 
is  greatest  in  one  which  is  opaqne,  as  iron.  The  following  terms  are  adopted 
to  express  the  different  degrees  in  the  power  of  transmitting  light ; 

Transparent :  when  tho  outline  of  an  object  seen  through  the  mineral  is 
perfectly  distinct. 

Sviiranaparent,  or  8emi-tr(vnspa^ent :  when  objects  are  seen,  bnt  the 
outlines  are  not  distinct. 

TraTulitcent :  when  light  is  transmitted,  but  objects  are  not  seen. 

8vi>translvaeni :  when  merely  the  edges  transmit  light  or  are  trans- 
lucent. 

When  no  light  is  transmitted,  the  mineral  is  said  to  be  opaque.    This  is 

ftroperly  only  a  relative  term,  since  no  8iii)Stance  fails  to  transmit  some 
ieht.  if  made  sufficiently  thin.  Magnetite  is  translucent  in  the  Pennsbnry 
mica.  The  recent  researches  of  Prof.  A,  W.  "Wright  have  shown  that  by 
means  of  the  electrical  current  the  metals  may  be  volatilized  and  deposited 
again  on  the  sides  of  the  surrounding  glass  tube.  The  layers  thus  formed 
are  perfectly  continuons,  but  so  thin  as  to  be  transparent.  By  transmitted 
light  the  layer  of  gold  thus  obtained  appears  green,  and  that  of  silver  a 
beautiful  blue. 

The  property  of  diaphaneity  occnrs  in  tlie  mineral  kingdom,  in  every 

degree  £i-om  nearly  perfect  opacity  to  a  perfect  ti'anaparency,  and  many 

minerals  present,  in  their  numerous  varieties,  nearly  all  the  different  shades. 

The  absorption  of  light  in  its  relation  to  the  axes  of  elasticity  ia  spoken 

of  ou  p.  165. 

9.   OoLOB. 

Oavae  of  <^lor. — The  color  of  a  substance  depends  npon  its  power  of 
absorbing  certain  portions  of  the  light,  that  is,  certain  rays  of  the  spe<  tnnn ; 
a  yellow  mineral,  for  instance,  absorbs  all  the  rays  of  the  spectrum  with  ibe 
exception  of  the  yellow.  In  general  the  color  which  tlie  eye  perceives  is 
the  result  of  the  mixture  of  Uioee  rays  which  are  not  absorbed.  All  min- 
erals may  be  divided  into  twoclasses:  (1)  those  wliose  color  is  essential  and 
belongs  to  the  Unest  particles  mechanically  made ;  (2)  those  whose  color  is 
non-eesential  and  in  the  fine  powder  is  di^erent  from  what  it  is  in  tho  mast 
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Streak. — It  is  obvions  from  these  dirtinctioiiB  that  thi  color  of  the 
powder,  or  the  streak,  &b  it  is  called,  is  often  n  verj  iiu^^rtant  qnality 
in  distiiisuiehing  minerala.  The  streak  is  obtained  by  scratching  the  Bor- 
fdce  of  the  mineral  with  a  knife  or  file,  or  Btill  better,  if  not  too  hai-d,  by 
rubliii)^  it  on  an  unpolished  porcelain  surface. 

To  tliQ  first  cli^,  mentioned  above,  belong  the  metals,  and  many 
metallic  ininei'als ;  for  instance,  the  streak  of  the  Ijlack  manganese  0:1  Ides  is 
black ;  that  of  hematite,  which  is  red  by  transmitted  light,  ib  red,  and  bo 
on.  To  the  second  class  belong  the  silicates,  and  in  fact  the  large  part 
of  all  minerals.  With  them  the  color  is  often  quite  uneasential,  being  gen- 
erally due  to  small  adrnixtares  of  some  metallic  oxide,  tx>  some  carbon  com- 
pound, or  some  foreign  substance  in  a  finely  divided  state.  Most  of  these 
nave  a  white  or  light>colored  sti-eak.  For  example,  the  streak  of  llack, 
green,  redj  and  blue  tourmaline  Tariea  little  from  whUe. 


Taribttsb  or  Oolob. 

The  following  eight  colors  have  been  selected  as  f  nndamental,  to  facilitate 
the  employment  of  this  character  in  the  description  of  minerals :  white, 
gray,  black,  blue,  green,  yellow,  red,  and  brown. 

a.  Metallio  Colors. 

1.  CoppsT'-Ted:  native  copper. — 2.  Sronse-yell&in :  vjrrhotite. — 3.  Brae^ 
geliov}.:  chalcopyrite. — 4.  Gold-yellow. — b.  SH/oer-white :  native  silver,  less 
distinct  in  arsenopyrite. — 6.  Tin-white:  mercury,  cobaltite, — 1 .  Lead-gray : 
galenite,  inolybdenite, — 8.  Steel^ray :  nearly  the  color  of  fine-grained 
steel  on  a  recent  fracture ;  native  platinum,  and  palladium. 


6.  Jfon-ToetaUic  Colors. 

A.  Whttb.  1.  Snow-white:  Carrara  marble. — 2.  Reddieh-white :  some 
varieties  of  csluite  and  quartz. — 3.  Yellowishr^white  :  some  varieties  of  cal- 
cite  and  quartz. — 1.  Orayish-white :  some  varietieB  of  calcite  and  qnartz. 
— B.  Oreenishrwhite  :  talc. — 6.  Milk-white :  white,  slightly  bluish ;  some 
chalcedony. 

B.  Ctray.  1,  Sluishgray :  gray,  inclining  to  a  dirty  bine  color. — 2. 
Pearl-gray:  gray,  mixed  with  red  and  blue;  cerargyrite. — 3.  Smoke-gray: 
gray,  with  some  brown  ;  flint. — 4.  Oreenish-gray :  gray,  with  Bf)me  green : 
cat's  eye,  some  varieties  of  talc. — 5,  YelUnoiak-gray :  some  varieties  of 
compact  limestone. — 6.  Ash-gray :  the  purest  gray  color ;  zoisite. 

C.  JBlaqk.  1.  Grayish-black:  black,  mixed  with  gray  (without  any 
ffreen,  brown,  or  blue  tints) ;  basalt,  Lydtan  stone. — 2.  vdvet-bladti :  pnro 
black ;  obBidian,  black  tournmline. — 3.  Oreenislt-black :  angite. — 1  Jirown 
i^-hlack  :  brown  coal,  lignite. — 5,  £lutsh-iktc& :  black  cobalt 

B.  Blob.  1.  JBlacktsh^tte :  dark  varieties  of  aznrite. — 2.  Agure-ihte  : 
»  clear  shade  of  bright  blue ;  pale  varieties  of  aznrite,  bright  vuietiee  ii 
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laziilite. — 3.  YioUt-hlve:  blue,  mixed  with  red;  ametliyst,  flaoribi. — 4 
Lavender-blue :  blue  ■with  some  red  and  much  gray. — 5,  Pruaaiattrblue, 
or  Berlin  blue:  pure  blue;  sapphire, cyanite, — 6.  SmaU-bl/ue:  some  vario- 
tios  of  gypamn. — 7.  Indigo-blue :  bine  with  black  and  greert  ;  blue  tourma- 
line.— 8.  Sky-blue:  pale  bine  with  a  little  green;  it  is  called  inoniitain 
bine  by  paiiiCei'S. 

E.  (ticeen.  1,  Verdigris-green;  green  inulining  to  blue;  eome  feldapar 
(ainoznn-stone). —  Celandine-green :  green  with  blue  and  gray  ;  some  varie- 
ties of  talc  and  beryl.  It  is  the  color  of  the  leaves  of  tlie  celandine  (Cheli- 
donium  inajns), — 3.  Mountain-^reen  ;  green  with  mnch  bine  ;  beryl. — 4. 
Leek-green:  green  with  some  brown;  the  color  of  leaves  of  garlic;  dis- 
tinctly seen  in  prase,  a  variety  of  qnartz. — 5.  Km^raM-green :  pure  deep 
green;  emerald. — 6.  Ajyple-green :  light  green  with  some  yellow;  chryso- 
prase. — 7.  Grass-green:  bright  green  with  more  yellow  ;  green  diallage, — 
8.  Pistachio-green  ;  yellowish  green  with  some  brown ;  epidote, — 9,  AspO' 
ragus-green :  pale  green  with  mnch  yellow ;  asparagus  stone  (apatite). — ■ 
10.  Blaokiah-green :  serpentine.— 11,  Olive-greefi :  dark  gi-oen  with  much 
brown  and  yellow;  chrysolite. — 12.  Oil-green:  the  color  of  olive  oil; 
beryl,  pi  tchstone. — 13.  Siskin-green:  light  green,  much  inclining  to  yellow; 
uranite. 

F.  Ykllow.  1.  Sulpkur-yeUow :  sulphur. — 2,  StrawyeUow  :  pale  yel- 
low ;  topaz. — 3.  Waa-yeUow :  grayish  yellow  with  sorae  brown ;  blende, 
opal. — 4.  Soney-yellow  :  yellow  with  some  red  and  brown ;  calcite. — 5. 
Lemon'yeOma :  sulphur,  orpiment. — 6.  Ockre-y^ioio  :  yellow  witli  brown ; 
yellow  ochre.— 7.  tVine-yeilmo :  topaz  and  flnorite. — S.  Cream-yellow: 
n>mo  varieties  of  litlioniarge. — 9.   Orange-yeRow :  orpiment. 

G.  lino.  1.  Aitrora-red :  red  with  much  yellow;  some  realgar. — 2. 
IFyacinth-red :  red  with  yellow  and  some  brewn  ;  hyacinth  garnet. — 3. 
Brick-red:  polybalite,  some  jasper. — 4.  Scarlet-red:  bright  red  with  a 
tinge  of  yellow ;  cinnabar. — 5.  Blood-red:  dark  red  with  some  yellow ; 

rope. — 6.  Fleah-red:  feldspar, — 7.   (Jm-mme-r&l:  pure  red;   ruby  sap- 

Eire. — 8.  Bose-red :  rose  quartz. — 9.  CriTnaon^ed:  niby. — 10.  Peach- 
ssom-red:  red  with  white  and  gray;  lepidolito. — 11.  VolumAine-red : 
deep  red  with  some  blue;  garnet. — 12.  Cherry-red:  dark  red  with  some 
bine  and  brown:  spinel,  some  jasper.— 13.  Brownish-red:  jasper,  liinonite. 
H.  Bkown,  1.  Beddishrbrown. :  garnet, zircon. — 2.  Clov^irown:  brown 
with  red  and  some  blue ;  axinite. — 8.  Hair-brown :  wood  opal. — 4.  Broo- 
coli-brown:  brown,  with  blue,  red,  and  gray  ;  zircon. — 5.  Ch&>tnut-brown : 
pure  brown. — 6.  Yellowishrhrown :  jasper, — 7.  Pinchheak-brown :  yellow- 
irili-browu,  with  a  metallic  or  metallic-pearly  lustre;  sevei'al  varieties  of 
talc,  hrauzite. — 8.  Wood-hrown:  color  of  old  wood  nearly  rotten  ;  some 
specimens  of  asbestua. — 9.  Lvoer-hrown :  brown,  ^vith  some  gray  and  green ; 
jasper. — 10.  Blackish^own  :  bituminonB  coal,  brown  coal. 

c;  Peexdiarities  in  the  Arrangement  of  Colora. 

Pltiy  of  Colors. — ^An  appearance  of  several  prismatic  colon  in  rapid 
succession  on  turning  the  mineral.  This  property  belongs  in  perfection  to 
the  diamond ;  it  is  also  ol)Berved  in  precious  opal,  and  is  most  brilUaat  b; 
caudlo-light  r„i,  ,   :>..». >us;i>. 
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Change  of  Colors. — Each  particniar  color  appears  to  pervade  a  Ureer 
Bpace  tJuin  in  the  play  of  colora,  and  the  Bucc^aion  produced  by  tin  ning  Uie 
mineral  is  leas  rapid;  Ex.  labradorite. 

Opale8C«noe. — A  milky  or  pearly  reflection  from  the  interior  of  a  apeci- 
men.    Observed  in  sonie  opal,  and  in  cat's  eye. 

Iridescence. — Preaenting  prismatic  colors  in  the  interior  of  a  crystal 
The  phenomena  of  the  play  of  colors,  iridescence,  etc.,  are  sometimeu  to  be 
explained  by  the  presence  of  minute  foreign  crystals,  in  parallel  positions ; 
more  generally,  however,  they  are  caused  by  the  presence  of  fine  cleavage 
IftmellEe,  in  the  light  reflected  from  which  interference  takes  place,  analogOQB 
to  the  well-known  Newton's  rings. 

Tarnish. — A  metallic  surface  is  tarnished,  when  its  color  differs  from 
that  obtained  by  fracture  ;  Ex.  bomite.  A  surface  possesaea  the  steel  tar- 
nish, when  it  presents  the  snperiicial  bine  color  of  tempered  steel ;  Ex. 
colnmbite.  The  tarnish  is  irised,  when  it  exhibits  fixed  prismatic  colors  ; 
Ex.  hematite  of  Slba.  These  tarnish  and  ii'is  colors  of  mmerals  are  owing 
to  a  thin  surface  film,  proceeding  from  different  sources,  either  from  a 
change  in  the  surface  of  tlie  mineral,  or  foreign  incrnstation ;  hydi-ated  iron 
oxide,  usnally  formed  from  pyrite,  is  one  of  the  most  common  sources  of  it, 
and  produces  the  colors  on  anthracite  and  hematite. 

Asterism.. — This  name  ia  given  to  the  peculiar  star-like  rays  of  light 
observed  in  certain  directions  m  some  minerals  by  reflected  or  transmitted 
light.  This  is  seen  in  the  form  of  a  six-rayed  star  in  sapphii-e,  and  is  also 
well  shown  in  mica  from  Sonth  Burgess,  Canada.  In  the  former  case  it 
lias  been  attributed  by  Volger  to  a  repeated  lamellar  twinning ;  in  the 
other  case,  by  Rose,  to  the  presence  of  minute  inclosed  crystals,  which  are 
a  uniaxial  mica,  according  to  DcsCloizeaux.  Crystalline  planes,  which 
have  been  artiticially  etched,  also  sometimes  exhibit  asterism.  In  general 
the  phenomenon  is  explained  by  Schrauf  as  caused  by  the  interference  of 
the  light,  due  to  fiuo  striations  or  some  other  cause. 

(Upon  the  above  subjects,  see  Literature,  p.  167.) 


Phosphorescence,*  or  the  emission  of  light  by  minerals,  mE^  be  produced 
in  different  ways :  hj  friction,  by  heat,  or  by  exposure  to  light. 

By  friction. — Light  is  readily  evolved  from  quartz  or  white  sugar  by 
the  friction  of  one  piece  against  another,  and  merely  tlic  rapid  motion  of  a 
feather  will  elicit  it  from  some  specimens  of  sphalerite.  Friction,  however, 
evolvea  light  from  a  few  only  of  the  mineral  species. 

Jiy  heat. — Flnorite  is  highly  phosphorescent  at  the  temperature  of  300°  F. 
Different  varieties  give  off  light  of  different  colore ;  the  cklorophane  variety, 
an  emerald-green  light ;  otliers  pnrple,  blue,  and  reddish  tints.  This  phos- 
phorescence may  be  observed  in  a  dark  place,  by  subjecting  the  pulverized 
mineral  to  a  beat  below  redness.  Some  varieties  of  white  limestone  <v 
marble  emit  a  yellow  light 

*  Tblt  inbiMit  IiBS  been  inTeitlgated  \ts  BtrgwrA,  Ahil  Ch.  ptiTa.,  in.,)r.,  B-119,  I8SV; 
Fatter,  Mitth.  nst.  Oe*.  Bern,  1807,  89 ;  and  Hahn,  ZeitMh.  G«*.  nab  Vim.  Berib,  U., 
h.,  t,llll,  ISTl 
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B^  tlie  BppUoatloiL  of  ItMt,  minerals  lorn  tliefr  phosphorMoent  propertlM.  But  on  pudj.0 
aleotrioity  thiongh  the  oaloined  mineral,  a  more  or  leu  vivid  light  is  piodnoed  at  tha  time  of 
the  di«oharge,  uid  ■ubaeqnentlT  the  specimea  when  heated  wiil  often  emit  light  aa  before. 
The  light  la  uaaallf  of  uie  aame  color  aa  previous  to  oaldnacion,  but  occadonally  is  qoito 
differeiit.  It  la  in  general  leas  intense  tlian  that  of  the  nnalteied  mineral,  but  is  mnch 
inor^aed  bj  a  repetition  of  the  electrlo  diaohargea,  and  in  aome  varietisa  of  fluorite  it  ma; 
be  nearlj  or  qnite  t«8toTed  to  ita  former  brillioaoy.  It  baa  also  been  fonnd  that  aome  vorie- 
tiea  of  Saorits  and  aome  apeoimens  of  diamond,  ooldte,  and  apatite,  which  are  not  uatuiaUy 
phoaphoreHoent,  m^  be  rendered  so  ty  raeana  of  eleotriciity.  Eleotrldtr  will  olao  InczBaaa 
the  natural  inteniltj  of  the  phoapborBOoent  Uf^t. 

Light  qfihf  8vn, — The  only  eiibetance  ia  which  an  expoeare  to  the  liglit 
of  the  Bim  produces  very  apparent  phosphoreecence  is  the  diamond,  and 
some  Bpecimena  Beem  to  be  deBtitnte  of  thia  power.  This  property  is  moet 
Btriking  i^ter  expoeme  to  the  blue  rays  of  the  Bpectrum,  while  in  the  red 
raye  it  iB  rapidly  loeL 


Dichroiam,  Trtchroism. — ^In  addition  to  the  ^neral  phenomena  of  color, 
which  belong  to  all  minerals  alike,  some  of  uioee  which  are  cryetalUzed 
show  different  colore  ander  certain  circumstances.  This  is  due  to  the  fact 
that  ill  them  the  absorption  of  parts  of  the  spectrum  takes  place  unequally 
in  different  directions,  and  hence  their  color  by  transuiitted  light  dependa 
upon  the  direction  in  wliit:h  they  are  viewed.  This  phenomenon  is  called 
iu  jreneral  phochroism. 

In  uniaxial  crystals  it  has  been  eesn  that,  in  consequence  of  their  crystal- 
lographic  symmetry,  there  are  two  distinct  values  for  the  velocity  of  light 
traiiBinitted  by  them,  accordiug  as  the  vibrations  take  place,j?a7w^  or  at 
right  angles  to  the  vertical  axis.  Similarly  the  crystal  may  exert  difEerent 
degrees  of  absorption  upon  the  rays  vibrating  in  these  two  directions.  For 
example,  a  transparent  crystal  of  zircon  looked  through  in  the  direction  oi 
the  vertical  axis  appears  of  a  pinkish-brown  color,  while  in  a  lateral  direc- 
tion the  color  is  asparagus-green.  This  is  because  the  rays  (exti'ftordinai-y) 
vibrating  parallel  to  the  axis  are  absorbed  with  the  exception  of  those 
which  together  give  the  green  color,  and  those  vibi-ating  laterally  (ordinary) 
are  absomdd  except  those  which  together  appear  pinkish-brown. 

Again,  all  crystals  of  tourmaline  in  the  direction  of  the  vertical  axis  are 
opaqae,  since  the  ordinaiy  ray,  vibrating  normal  to  the  axis  c,  is  absorbed, 
while  light-colored  varieties,  looked  throngh  laterally,  are  transpai'ent,  for 
the  exti-aoi-dinary  ray,  vibrating  parallel  to  c,  is  not  al^sorbed;  the  color 
difFei-s  in  different  varieties.  Thus,  all  uniaxial  ciystals  may  be  dichroui, 
or  have  two  distinct  axial  colors. 

Similarly  all  biaxial  crystals  may  be  trichroto.  For  the  rays  vibrating  in 
the  directions  of  the  three  axes  of  elasticity  may  be  differently  absorbed. 
For  diaspore  the  three  axial  colors  are  azure-blue,  wine-yellow,  and  violot- 
blue.  It  will  be  understood  tliat,  while  these  three  different  colore  are  pos- 
sible, tney  may  not  exist ;  or  only  two  may  be  prominent,  so  that  a  biaxial 
mineral  may  he  called  dichroic. 

In  order  to  investigate  the  absorption-properties  of  any  uniaxial  or  biaxial 
crystal,  it  is  evident  that  sections  must  be  obtained  which  are  parallel  to  the 
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Hversl  axes  of  elaeticitr.  Suppoee  that  f.  410  repreeenlB  «  rectaugular  solid 
with  itB  eideB  parallel  to  the  three  axes  c^  eloeticit;  of 
a  biaxial  urystal.  In  an  oi-thorhombic  crystal  the  uicea 
/■')  y>  _  y/'  are  those  of  the  thiee  diametral  planes  or  pinacoids ; 
' y\  l^  in  a  moiiocliiiic  crystal  one  aide  coincides  with  the  cliiio> 
pinacoid,  the  others  ai-e  to  be  determined  for  each 
species.  The  light  transinitted  by  this  solid  is  examined 
bj  means  of  a  single  Nieol  prism.  Snp(x>6e,  firet,  that 
the  light  transmitted  by  the  parallelopiped  (f.  410)  in 
the  direction  of  the  vertical  axis  is  to  bo  examined. 
When  the  shorter  diagonal  of  the  Nicol  coincides  with 
the  direction  of  the  axis  b,  the  colur  observed  belongs 
to  that  ray  vibrating  parallel  to  this  dii-ection  ;  when  it  coincides  with  the 
■  axis  a,  the  color  for  the  i-ay  with  vibrations  pamilel  to  a  is  observed.  In 
the  same  way  the  Niuol  separatee  the  different  colored  rays  vibratinjc 
parallel  to  t  and  a  respectivefy,  when  the  light  passes  through  in  the  direc 
tion  of  b. 

So  also  finally  when  the  section  is  looked  tlirough  in  the  direction  of  the 
axis  a,  the  colors  for  the  rays  vibrating  parallel  to  b  and  c,  respectively,  are 
obtained.  It  is  evident  that  the  exsmmatiou  iu  two  of  the  directions  tiaiued 
will  give  the  tlii-ee  possible  colors. 

For  epidote,  according  to  Klein,  the  colors  for  the  three  axial  directions 
Hre: 

'  ]    TibnUona  parallel  to  \  brown  (absorbed).         „    Vlbr&tJoDS  p«nUd  to  t,  green. 
"  "  «,  yellow,  "  "  a,  jeltow. 

a    Tibrationi  parallel  to  t,  green, 
"•  "  '■  k,  brown  (•beotbed). 

The  colors  observed  by  the  eye  alone  are  the  reanltants  of  the  double  set 
ol  vibrations,  in  which  the  stronger  color  predominates  \  thns,  in  the  above 
example,  the  plane,  normal  to  c  is  hrown,  to  b,  yellowish-green,  to  a,  green. 
In' any  oilier  direction  in  the  crystal,  the  apparent  color  is  the  rcsiilt  of  » 
mixture  of  those  cori-esponding  to  the  three  diiections  of  vibrations  hi  differ- 
ent proportions.  Dicliroite  is  a  striking  example  of  the  phenomenon  of 
pleochroisin. 

Ad  instrument  called  a  dichrosocme  has  been  contrived  by  Uaidingoi'  for 
examining  this  property  of  crystals.  An  oblong  rhombohedi-ou  of  Ice- 
land spai- has  a  glass  prism  of  lo°  cemented  to  each  extremity.     It  is  placed 


in  a  metallic  cylindrical  case,  as  in  the  figure,  having  a  convex  lens  at  one 
end,  and  a  squai-c  hole  at  the  other.  On  looking  throngh  it,  the  square  hole 
appears  double;  one  image  belongs  to  Che  ordinary  and  the  otliertotbe 
extraordinary  ray.  When  apleochroic  crystal  is  examined  with  it.  by  traiit. 
uiitted  light,  on  revolving  it,  Uie  two  squares,  at  intervals  of  90°  in  the  revo 
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lotion,  have  different  colors,  eorrespoDding  to  the  direction  of  the  TibratkHii 
of  tlie  oi'diimry  and  extraordinary  ray  in  caloite.  Since  the  two  imagee  on 
Bituat^d  side  by  side,  a  very  slight  difference  of  color  is  perceptible. 


LiTRRATDRK.— FLROOHXOISK,  ASTSRISH,  WK, 

BatHngtf.     TJeber  den  PleoohiolEmiu  der  KryBtBlle ;  Fogg.  Lrr.,  1,  1845. 

Debar  da«  SehiUora  der  KryBtollflachan ;  Pogg.  lix.,  674,  1847;  Ixri.,  881; 

IxxTl.,  eg,  1840. 

SmueK.     Ueber  daa  SohiUem  rewiuei  EiTEtalle  ;  Fc«g.   oxtL,  893,  1863 ;  axrilL,  2S0. 
18«3:  oii.,D3,  186a. 

e.  Kebdi     Ueber  Astengmos;  Ber.  Ak.    HQnchen,  1868,  M. 

Havuhofer.     Der  ABteriamua  dea  Oaloitea ;  Ber.  Ak.     Uanohen,  1860. 
Vogtltai^.     Sar  le  Lnbradoiite  oolorS ;  A^ioh.  Neerlmnd.,  lii.,  ^,  1868. 

Soliraiif.     Labradorit;  Ber.  Ak.,  Wlen,  Iz.,  186D. 

Komtann.     Uaber  daa  Sehillem  nnd  den  Diohroismna  Am  HTPerstheiu :  Jabrb.  Uin.,  1860, 
808.633;  1871,601. 

Sm.     UeberdenAataiiaiiiiwderEiTrtallen;  Bei.Ak.   Bedln,  1863,  «I4 ;  1860,  844. 


The  lustre  of  minerals  varies  with  the  nature  of  their  anrfaces.  A  varia- 
tion in  the  quantity  of  light  reflceted,  produces  different  degrees  of  intensity 
of  lustre ;  a  variation  in  the  nature  of  the  reflecting  eui-face  produces 
diffei-ent  kinds  of  lustre. 

A.  The  kinds  of  lugtre  recognized  are  as  follows ; 

1.  Metallic  :  the  Instre  of  metals.  Imperfect  metallic  lustre  is  expressed 
by  the  term  suf^ToetaUic. 

2.  Adamantine:  the  lustre  of  the  diamond,'  When  also  sub-metallic,  it 
is  termed  metaUio-adamantine.    Ex.  ceruseite,  pyi'argyrite. 

3.  Vitreous :  the  luati-e  of  broken  glass.  An  imperfectly  vitreous  lustre 
IB  termed  aub^vitreoua.  The  vitreous  and  eub-vitreous  lustres  are  the  most 
common  in  the  mineral  kingdom.  Quartz  possesses  the  former  in  an  emi- 
nent degree;  calcite,  often  the  lattei*. 

4.  Jiesinous :  liiatre  of  the  yellow  resins.  Ex.  opal,  and  some  yellow 
varieties  of  sphalerite. 

5.  Pearly;  likepearl.  Ex.  tslc,brncite,8tilbite,ete.  Wlien  united  with 
sub-metallic,  as  in  hypersthenite,  the  term  metallic-pearly  is  used. 

6.  SiUei/ :  like  silk ;  it  is  the  result  of  a  fibrous  structure.  Ex.  iibrooi 
calcite,  fibrous  gypsum, 

B.  The  degrees  of  intensity  &tq  denominated  ae  follows: 

1.  Splendent :  reilectiug  with  brilliancy  and  giving  well-defined  images. 
Ex.  hematite,  cassiterite. 

2.  Shi7iing:  producing  an  image  by  reflection,  but  not  one  well  defined. 
Ex.  celestite. 

3.  OUstening:  affording  a  general  reflection  from  the  surface,  but  no 
iiuage.     Ex.  talc,  chalcopyrite. 

4.  Glimmeririg ;  iiffoming  imperfect  reflection,  and  apparently  from 
points  over  the  surface.     Ex.  fiint,  chalcedony. 

A  mineral  is  said  to  be  dvU  when  there  is  a  total  absence  of  loatre.  Ex. 
chalk,  the  ocbi'es,  kaolin 
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Tlio  true  differeuce  between  metallic  and  vitreone  luetre  is  due  to  tb« 
effect  which  the  different  Bnrfacee  have  upon  the  reflected  light ;  in  general, 
ths  luEti'u  ie  pi'oduced  b;  the  union  of  two  eimultaneotis  impi-eesionB  made 
upon  the  eye.  If  the  light  reflected  fram  a  metallic  surface  be  examined 
by  II  Nicol  prism  (or  the  dichroscope  of  Haidinger),  it  will  be  found  that 
both  rays,  tnat  vibrating  iti  the  plane  of  incidence  and  that  whose  vibra- 
tions are  normal  to  it,  are  alike,  each  having  the  color  of  the  material,  only 
differing  a  little  in  brillianoy  ;  on  the  contrary,  of  the  light  reflected  by  a 
vitreous  snbstauce,  those  i-aya  wliose  vibrations  are  at  light  angles  to  the 
plane  of  incidence  are  more  or  less  polarized,  and  are  colorless,  while  those 
whose  vibratiouB  are  in  this  plane,  having  penetrated  somewhat  into  tlie 
medium  and  snfliered  some  absorption,  show  the  color  of  the  6ul>stance 
itself.  A  plate  uf  red  glass  thus  examined  will  show  a  colorless  and  a  red 
image.     Adamantine  lustre  occupies  a  position  between  the  others. 

The  different  degreet  and  ktoda  of  lustre  ore  often  exhibited  ditfeienUy  by  unlike  fines  or 
the  Bams  cifstol.  but  alwajs  BJmilarlj  b;  like  faoeE.  The  Utonl  faces  of  a  right  sqnsra 
prism  ma;  thns  differ  from  a  terminaJ,  and  in  the  right  reotsngnlar  prism  the  lateral  faces 
bIbo  may  differ  from  one  another.  For  example,  the  basal  plane  of  apophyllite  has  a  pearly 
lustre  wanting  in  the  prismatio  planes.  The  Burfaoe  of  a  cleavage  plane  in  foliated  minerals, 
very  commonly  differs  in  Instre  from  the  gidea,  and  in  some  oases  the  latter  are  vilf  eona, 
whUe  the  former  is  pearly.  As  shown  by  Haidinger,  only  the  yitreons,  ndanutntine,  and 
metallio  luetres  belong  to  faora  perfectly  smooth  and  pnre.  In  the  first,  the  index  of  refrac- 
tion of  the  mineral  is  1-3— 1-8;  intheseoond,  1-0— 2'Q;  in  the  third,  about  2'0.  The  pearly 
lustre  is  a  result  of  reflection  from  numberlen  lamellB  or  lines  within  a  translucent  mninapal^ 
as  long  since  obserred  by  Breithanpt 

lY.  HEAT. 

The  expansion  of  crystallized  minerals  hy  heat  depends,  as  directly  as 
their  optical  properties,  on  the  symmetry  or  their  molecular  strncture  as 
shown  111  tlieir  crystaliiue  form.  The  same  tliree  elates  as  before  are  di&- 
tinguished : 

A.  Isirmetric  crystals,  where  the  expansion  is  in  all  directions  alike. 

B.  Isodiametrio  crystals,  of  t!ie  tetragonal  and  hexfu^nal  systems.  Ex- 
pansion vertically  unlike  that  laterally,  but  in  all  lateral  directions  alike. 

O,  AnisoTnetrio,  of  the  ortborhombio,  monoclinic,  and  triclinic  systems. 
Expansion  unlike  in  the  three  axial  directions.  The  expansion  hy  heat  in 
the  case  of  crystals  may  serve  to  alter  the  angles  of  the  form,  but  it  has 
been  shown  tliat  the  zone  relations  and  the  crystalline  system  remain  coii- 
Btant 

Uitscherlich  found  that  In  oaldte  there  was  a  diioinution  of  8'  87'  In  the  angle  of  th* 
rtiombohedron,  on  passing  from  82°  to  212°  F. .  the  form  thns  approaching  that  ot  a  cube,  aa 
the  t«mpemture  iuorcsaed.  Dolomite,  in  the  xome  range  of  temperature,  diminishes  4'  40': 
and  in  aragonite,  between  93"  and  313°  F.,  the  angle  of  tho  prism  diminishes  S'  40',  and 
1-f:  1-1  increases  6' 30';  in  gypsum,  /:  t-1  is  increased  G' 24', /;  1.  4'  12'.  and  1-»:i-tis 
diminished  7'  24'.  In  some  rhombuhedToas.  as  of  catoite,  the  Tertical  axis  is  lengthened 
(and  the  lateral  shortened),  while  in  others,  like  quartz,  the  reverse  is  true.  The  variation 
is  such  either  way  that  the  double  refraction  is  diminished  with  the  inoreose  of  heat ;  for 
oaloite  possesBee  negative  double  refraction,  and  quarts,  positive. 

The  conductive  power  of  a  crystal  depends,  aa  doea  expansion,  on  the 
ATmmetiy  of  its  crystalline  form ;  this  is  also  true  of  its  power  of  traiu- 
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mlttltifT  or  absorbing  heat.  It  follows,  moreover,  from  the  analogons  natnra 
of  heat  and  light,  that  heat  rays  are  polarized  by  reflection,  and  by  transmission 
in  auisotmpe  media,  in  the  same  way  as  the  rays  of  light.  These  subjects, 
considered  solely  in  their  relation  tu  Mineralogy,  are  of  minor  imjxtrtance ; 
they  belong  to  works  on  Physics,  and.  reference  maybe  made  to  thoee 
whose  titles  are  given  in  the  Introduction,  as  also  to  the  works  of  Schranf 
and  Groth. 

The  change  in  the  optical  properties  of  crystals  prodaced  by  heat  has 
already  been  noticed  (p.  151). 

V.  ELECTRICITY— MAGNETISM. 

The  electric  and  magnetio  characters  of  crystals,  as  their  relations  to  heat, 
hear  bnt  slightly  upon  the  science  of  minenuogy,  although  of  high  interest 
to  the  stndent  of  pn^sica. 

J'HcHonal  eleotincity. — The  development  of  electricity  hy  frioUon  is  a 
familiar  fact.  All  minerals  become  electric  by  friction,  althoagh  the 
degree  to  whiuli  this  is  manifested  depends  upon  their  conducting  or  non- 
conducting power.  There  is  no  line  of  distinction  among  minerals,  divid- 
ing thain  mXo positively  electric  and  Tiegatively  electric;  for  both  kinds  of 
electricity  may  be  presented  by  different  varieties  of  the  same  species,  and 
by  the  sanio  variety  in  different  states.  The  gems  are  positively  electric 
only  when  polished  ;  the  diamond  alone  among  them  exhibits  poeitive  elec- 
tricity whether  polished  or  not.  The  time  of  retaining  electric  excitement 
IB  widely  different  in  difiei'ent  species,  and  topaz  is  remarkable  for  continu- 
ing excited  many  hours. 

Pressure  also  develops  electricity  in  many  minerals ;  calcite  and  topaz 
are  examples. 

Pyro-electricity. — A  decided  change  of  temperature,  through  heat  or 
cold,  develops  electricity  in  a  lai-ge  number  of  minerals,  which  are  hence 
Ka-Wedi  pyro-electric.  This  property  is  most  decided,  and  was  iii-st  observed 
in  a  series  of  minerals  wliich  are  heminiorphic  or  heniihedral  in  their 
develop]  lie  lit.  The  electricity  in  these  miQemla  is  of  opposite  cliaracter  in 
the  parts  dissimilarly  modiSed.  Thus  in  touimaline  and  calamine,  tlio 
crystals  of  which  are  often  differently  modified  at  the  two  exticmities,  posi- 
tive and  negative  electricity  are  developed  at  these  extremities  or  poles 
respectively.  Wlieu  the  extremity  becomes  positive  on  heating  it  has  been 
culled  the  analogvs  pole,  and  when  it  becocnes  negative,  it  has  been  called 
tlie  antilogue.  The  names  were  given  by  Boee  and  Riess,  who  investigated 
these  phenomena.  For  a  change  of  temperature  in  the  opposite  direction, 
that  is,  cooling,  the  reverse  electrical  effect  is  observed. 

Coracite,  on  whose  crystals  the  +  and  —  tetrahedrons  often  occur,  show* 
by  heating  the  positive  electricity  for  the  faces  of  one  tetrahedron  and  the 
ue^tive  for  those  of  the  other. 

Further  investigations  by  Hankel  and  others  (see  Literature)  have  ex- 
tended the  subject  and  shown  that  the  plienomeua  of  pyro-eleotricity  belong 
to  tlie  (;rvBtals  oE  a  large  number  of  species.  Moreover,  it  is  not,  as  cuce 
supposed,  essentially  connected  with  hemihedral  development.  The  num- 
ber of  pules,  too,  may  be  more  than  two,  that  is,  tlie  pomta  at  which  pou 
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tire  ftiid  negative  electricitr  is  developed.  Tlins  for  pi-ehnite  then>  It  • 
lai^  Bei-ieB  of  such  poles,  distrilmted  overlie  surfaue  of  a  vryeral.  The 
investigations  of  Ilaimel  have  shown  in  general,  Chat  in  c]-yetals  not  hemi- 
liedi-aliy  developed,  the  same  eieotricity  is  developed  at  both  estremitics  of 
tlie  Bfttne  axie,  and  the  diBtiiictton  between  [Ksitive  and  negadve  elcutiicit^ 
is  only  shown  by  i-eference  to  the  different  crystallogi'&phic  anea;  on  eyni* 
metrically  formed  crystals  of  tiie  iBodiatnetric  class  tlio  electricity  is  the 
Bameinall  lateral  directions,  that  is,  on  all  prismatic  planes,  white  different 
at  the  extremities  of  the  vertical  axis. 

J'liermo-electrioity, — When  two  different  metals  ai-e  brangtit  into  c<"<n- 
tact,  a  stream  of  electricity  passes  fmm  one  to  tlie  other.  If  one  is  heated 
the  effect  ia  more  decided  and  is  suflicieiit  to  deflect  more  or  less  vigorously 
the  needle  of  a  galvanometer.  Acwjrding  to  the  direction  of  the  current 
produced  by  the  different  metallic  substances,  they  are  arranged  in  a 
thernio-eleetrical  series;  the  extremes  are  occupied  by  antimony  (+)  and 
bismuth  {—),  tlie  electrical  stream  passing  from  bismuth  to  antimony. 

This  subject  is  so  far  important  for  mineralogy,  as  it  was  shown  by 
Bnnsen  that  the  natural  metallic  sulphides  stand  fnrtlier  off  in  the  series 
than  antimony  and  bismnth,  and  consequently  by  them  a  stronger  sti-eani 
is  pividuced.  The  thenno-electrical  relations  of  a  large  number  of  minerals 
was  determined  by  Flight  (Ana.  Oh.  Pharm.,  cxxxvi,). 

It  was  early  observed  tliat  some  minerals  have  vai-ieties  which  are  both 
+  and  — .  This  fact  was  made  use  of  by  Rose  to  aiiow  a  relation  between 
the  pins  and  minus  hemihedral  varieties  of  pyrite  and  cobaltite.  The  later 
investigations  of  Schrauf  and  Dana  have  shown,  however,  that  the  sumo 
peculiarity  belongs  also  to  glaucodot,  tetradymite,  skuttcrudite,  danaito,  and 
other  minerals,  and  it  is  demonstrated  by  them  that  it  cannot  be  dependent 
upon  crystalline  form,  but,  on  the  contrary,  upon  chemical  composition. 

Mi.oNE-risM. — The  magnetic  properties  of  crystals  are  theoretically  of 
interest,  since  they,  too,  like  the  optical  and  thermic,  are  directly  dependent 
upon  llie  form  j  hence,  with  relation  to  magnetism  they  group' theinselvna 
into  the  same  thi-ee  classes  before  referred  to. 

All  substances  are  divided  into  two  classes,  the  jKcrama^eiw  and  (fta- 
magiKitlc,  according  as  they  are  attracted  or  repelled  by  the  poles  of  a  mag' 
net.  For  purposes  of  experiment  the  sobstance  in  question,  in  the  form  uf 
a  rod,  is  suspended  between  the  poles  of  the  magnet,  being  movable  on  a 
horizontal  axis.  If  of  the  fii'st  class,  it  will  take  a  jxiaition  parallel,  and  if 
of  the  second  class,  traneveree,  to  the  magnetic  axis. 

By  the  use  of  a  sphere  it  is  possible  to  determine  the  relative  amount  of 
magnetic  induction  in  different  dti'sctious  of  the  same  substance.  Experi- 
ment has  shown  that  in  iaometrio  crystals  the  magnetism  is  alike  in  all 
directions  ;  in  thoee  optically  nniaxial,  that  there  is  a  direction  of  niaximuin 
and,  normal  to  it,  one  of  minimum  magnetism  ;  in  biaxial  crystals,  that 
tiiore  are  three  oueqnal  axea  of  magnetism,  the  position  of  which  may  be 
determined. 

A  few  minerals  have  the  power  of  exerting  a  sensible  inflneuce  upon  the 
magnetic  needle,  and  are  hence  said  to  be  magnetic.  This  is  true  of  mag- 
netite and  pyrrhotite  (magnetic  pyrites)  in  particular,  also  of  frauklinite, 
alinandice,  and  otlier  minerals,  containing  considerable  iron  pi-otoxide  (FeO). 
When  such  minerals  in  one  part  attract  and  in  another  repel  the  poles  of 
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ttic  niKgnet,  tliey  are  aaid  to  -poBBBm  jtolariiy.     ThU  U  true  (^  the  variet;  of 
inagnetite  c&tlea  in  popular  language  loadstone. 

I 

Lttksat  urb.  — Ei^CTiiicin." 

i^anM:  Uabar  din  Thermo-EleotiiGit£t  doc  KiTsUUe;  Pogg.,  xlix.,  4»8;  L,B87,  1840; 
1*1.  281. 

Boia  u.  Hie*.     Uebei  die  P7rD-E1ectridt£t  del  Hinenilieii ;  Bar.  Ak.    Beriin,  1643. 

Ueber  den  Zr^uunenhuig  uruchen  dei  Foria  uud  der  elektriauheu  PoUcitfit  de> 

Kij-BtaJla ;  Bar.  Ak.   Berlin,  1836. 

v.  £cMi.     Ueber  Hmenil-Elactiidtgt  L ^<«K-<  o'viiL,  504,  188S. 

Bunten.     Thenco-Kettan  vott  grosser  WirksiuDlceit ;  Pogg'.  oixiii.,  SOS,  1864 

Friedd.  Sur  las  piopiiBb'B  p7ro-£leotriqae  des  Giistuix  bou  oondaoCeura  de  relactrioiM ; 
tan.  Ch.  Phys.,  IV.,  ivii.,  78,  180B. 

Boit,  Usbei  den  Zuwmmenluui^  iwiBohsn  hemiSdrUcber  Kr^sbaUfomi  and  theimo-elak- 
trischem  Verballen  beim  Eiaenldee  and  Coboltg-luu ;  Pogg.,  czlli.,  1,  1HT1. 

Sa/traii/v.  E.  K  Dana.  Ueber  die  thr-rmo-elektrlscliea  Eigengioluiteu  von  Kinortilvuie' 
taten;  Bar.  Alt.   Wieo,  iiii.,  1874  (Am.  J.  Sci,,  III,,  viil,  255). 

H'HiktL  Debar  die  thermo-elektdaohen  Eigenachaftien  dea  BoraoitiCB ;  SooliB.  Qea.  Wiaa., 
ri.,  151.  186.5;  ibid.,  riii.,  838,  18881  Topai,  ii.,  1870,850-,  10  Abhandlnng,  1872,  2i;  cal- 
oite,  ber;l,  etc,  1870. 

On  HAOHETlStf  referenoe  ina,j  be  tnsda  to  Farwlav  (Bzparimental  BeaearcheB)  ;  Tf  ndatl, 
PhiLHag.;  Knoblanob  and  Tj^ali.  Fogg'.,  Ixxxi., 481,  4S8;  tEXSuL,884;  PflUoket, Pogg., 
i..ii  ,  815;  bczTi,  570;  IzxviL,  417;  boxvi,  1;  AaUlch  n.  Ton  Lug,  Be^  Ak.,  Wlen, 
zxxii.,  43 :  xxxJiL,  439,  eta,  eta 


TL  TASTE  AND  ODOE. 

In  their  action  upon  tlie  sensea  a  few  mineralfi  poeeeeB  taale,  and  othen 
Duder  Boiiie  viiuiiniataiices  ^ivo  off  odor. 

Tas'i-k  belongs  only  to  soluble  raiuerals.  The  different  kinds  of  taste 
adopted  fm-  reference  a^-e  as  follows : 

1.  Astringent  y  the  taste  of  vitriol.  ■-. 

'2.  Sweetish  astringent ;  taste  of  alum.  I 

3.  Saline ;  taste  of  common  salt.  /  v 

4.  Alkaline  ;  taste  of  soda. 

5.  Cooling ;  taste  of  saltpeter, 

6.  Bitter  ;  taste  of  epsom  salts. 

7.  Siiur  :  taste  of  sulphuric  acid. 

Odoo. — Excepting  a  tew  gaseous  and  sohible  epecies,  minerals  in  the  dry 
unchanged  state  do  not  give  off  odor.  By  friction,  moistening  witli  the 
51*68111,  and  the  elimination  of  some  volatile  ingredient  by  heat  or  acids, 
odors  ai-e  soinetiniea  obtained  which  are  thus  designated : 

1,  Alliaceous  ,■  the  odor  of  gailio.  Friction  ot  arsenical  iron  elicits  this 
odor  J  it  may  also  be  obtained  from  ai'seiiicat  coinponnds,  by  means  of  beat. 

2.  Ilorse-radUh  odor  ;  the  odor  of  decaying  horBe-radish,  This  odor  is 
strongly  perceived  when  the  ores  of  seleninm  are  heated. 

3.  Sulphureous  ;  friction  elicits  this  odor  from  pyrite  and  heat  from 
many  sutpliides. 

4,  Bitu7n,inoua  ;  the  odor  of  bitumen. 

6.  Fetid;  the  odor  of  sulphnretted  hydix^n  or  rotten  eggs.    It  is  eli- 
cited by  friction  from  some  varieties  of  quartz  and  limestone. 
6.  ArgUlaeeous  ;  the  odor  of  moistened  clay.    It  is  obtained  from  ee^ 
*  See  also  on  p.  100.  -tntrrrr^  ■ 


172  FSTBIOAL  OBASAOTEBS  0*  lONKBAU. 

pentiD«  and  some  allied  minerals,  after  moistening  them  with  tho  breadi ; 
others,  ae  pyrargillite,  afford  it  when  heated. 

The  Feel  is  a  character  which  is  occasionally  of  some  importance  ;  it  ia 
eaid  to  be  smooth  (sepiolite),  greasy  (talcj,  Karah,  or  meagre,  etc  Some 
minerals,  in  consequence  of  their  hygroscopic  charaoter,  adnere  to  the  tottffue, 
when  brought  in  contact  with  iL 
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SECTION  n.— SUPPLEMENTARY  CHAPTER 

I.  COHBSIOK  AND  BLASnclTT   (pp.  119  tO  1S3). 

The  etching-figurea  (Aetzfigtireii)  prodnced  by  the  action  of  appropriate 
solveDtg  Qpon  the  eurfacee  of  crystals  liave  been  fnrther  investigated  in  the 
ease  of  a  considerable  number  of  minerals,  and  the  resultB  have  in  some 
caaea  served  to  throw  light  upon  the  question  as  to  which  crystalline  system 
s  given  species  belongs.  See  tlie  investigations  of  Bauuhaueb  of  the 
etohing-figiireB  of  lepidolite,  tonrmaline,  topaz,  calamine,  Jahrb.  Win.,  1876, 
i.  ;  pyromorpliitc,  mimctito,  vanadinite,  lb.,  Iti76,  411  ;  of  ndularia,  albite, 
fluorite,  ib.,  1876,  603  ;  of  leucite,  Z.  Krvst.,  i..257,  1877;  quartz,  ib.,  ii., 
117,  1878  ;  mica  (zinnwaldite).  ib.,  iii.,  113,  1878 ;  bonwite,  ib.,  iii.,  337, 
1879  ;  perofskite,  ib.,  iv.,  187,  1879  ;  nephelite,  ih.,  vi.,  209, 1882.  (For 
earlier  papers  giving  results  of  etching  experiments  on  muscovitf,  garnet, 
linngeite,  biotite,  epidote,  apatite,  gypsnm,  in  Ber.  Ak.  AfUnchen,  1874, 
245;  1876,  99.)  On  the  etching- figures  of  alum,  see  Fb.  Elocsb,  Z. 
Kryst.,  ii.,  126,  1878  ;  of  the  dififerent  micas,  F.  J.  WiiK,  Oefv.  Finsk.  Vet 
Soc.,  xxii.,  1880. 

On  the  artificiat  twins  (t winning-plane  —iH)  of  calcite  produced  by 
simple  pressnre  with  a  knife-blade  on  the  obtuse  edge  of  a  cleavage  frag- 
ment, see  Baumhaube,  Zeitschr.  Kryst.,  iii.,  fi88.  1879  ;  Beezika,  ib.,  iv., 
618,  1880.  The  fragment  should  have  a  prismatic  form,  say  6-8  mm.  in 
length  and  3-G  mm.  ia  breadth,  and  be  placed  with  the  ^g^ 

obtuse  edge  on  a  firm  horizontal  support.  The  blade 
of  an  ordinary  table-knife  is  then  applied  to  the  other 
obtuse  edge,  as  at  a  (f.  413a).  and  pressed  gradnally  and 
firmly  down.  The  result  is  that  the  portion  of  the  crys- 
tal lying  between  a  and  b  is  reversed  in  position,  as  if 
twinned  parallel  to  the  horizontal  plane  —{S.  The 
twinning  surface,  gee,  is  perfectly  smooth,  and  the 
re-entrant  angle  corresponds  very  exactly  with  that  required  by  theory 
(Brezina).  Earlier  observations  by  Pfafl  and  Rensoh  nave  shown  that 
twin  lamellte  (—■ 4.fl)  may  be  produced  in  a  cleavage  mass  of  calcite  of 
prismatic  form,  by  simple  pressure  exerted  perpendicular  to  a  straight  ter- 
minal plane.  Such  twinning  lamellas  are  often  observed  in  thin  sections  of 
a  crystalline  limestone  when  examined  in  polarized  light  under  the  micro- 
scope. 

On  the  application  of  the  fracture-figures  (Schlaffignren)  in  the  optical 
examination  of  the  mica  species  see  Bauer,  ZS.  G.  Ges..  xivi.,  137,  1S74 
(for  earlier  papers  see  p.  132)  ;  Tschermak,  Z.  Eryst.,  ii.,  14,  1877.  On 
the  occurrence  of  OUilmchen  on  galena  see  Bauer,  Jahrb.  Min..  1888,  i.. 
183. 

II.  8PECIPI0  GBAvrrr  (pp.  183, 134). 

Use  of  a  Solution  of  high  ^ecific  Oraviiy. — A  solation  of  mercuric 
iodide  in  potaaaiuvi  iodide  (Hg,t  in  EI)  affords  a  means  of  readily  ob- 
taining the  specific  gravity  of  any  mineral  not  acted  npon  by  it  chemically^ 
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and  for  which  G.  <  3-1 ;  and  also  of  separating  from  each  other  minerals  of 
different  densities,  when  inCiniutely  miscd  in  the  form  of  Biniill  fi-tignients. 
The  solution  is  caJltsd  the  Honstudt  solution,  hiivtng  been  first  proposed 
by  E.  SoNSTADT  in  1873  (Ohem,  News,  xxix.,  127)  ;  its  appliciitioii  for  the 
above  objects  wiia  proposed  bv  Chubch  in  1877  (Mlii.  Mug.,  i.,  237)  ;  and 
the  mctliod  elaborated  bv  Thoulet  in  18T8  {C.  K.,  Feb.  18.  1878  ;  Bnll. 
Soc.  Mill.,  ii..  17,  189,  1879),  and  tiitcr  by  Goldschmidt  {J.  Slin.,  Kei].- 
Bd.,  i.,  179,  I88i). 

Tlie  solution  is  prepared  (Goldsclimidt)  as  follows  :  Tjie  KI  and  Hg^I 
are  taiven  in  the  ratio  of  1:1-239,  ucd  introduced  into  a  volume  uf  water 
slightly  greater  than  is  i-eqiiired  to  dissolve  them  (say  80  cc.  to  6U0  gr.  of 
the  saltf) ;  the  solution  is  then  filtered  in  the  nsual  way  and  afterward  evap- 
orated down  in. a  porcelain  vessel,  over  a  water-bath,  until  a  crystAlline  scttm 
begins  to  form,  or  when  a  fragment  of  tourmaline  (G,  =31)  floats  ;  on  cooling, 
the  solntion  haB  its  m&ximnm  density.  If  the  mercuric  iodide  is  not  quite 
pure  a  small  quantity  in  excess  of  that  required  bj  the  above  ratio  must  be 
taben.  The  highest  specific  gravity  for  the  solution  obtained  by  Gold- 
schmidt was  3196,  a  sohition  in  which  fiuorite  floats.  Thig  maximum  is 
not  quite  constant,  varying  with  the  moisture  of  the  atmosphere  and  with 
the  temperature. 

The  method  of  using  the  solution  for  obtaining  the  epeciflo  gravity  of 
small  fragments  of  any  mineral  is,  according  to  Goldschmidt,  as  follows :  The 
fragments  are  introduced  into  a  tall  beaker,  say  40  cc.  capacity,  with  a  por- 
tion of  the  concentrated  solution  ;  then  water  is  added  drop  by  drop  (or  n 
dilute  solution  of  the  same  for  high  densities)  from  a  burette,  until  the  frag-. 
mcnta,  after  being  agitated,  are  just  suspended,  and  remain  so  without  either 
rising  or  falling.  This  process  requires  care  and  precision,  since  the  princi- 
pal error  to  which  the  method  is  liable  is  involved  here.  The  solution  is  now 
introduced  into  a  little  glass  flask,  graduated  say  to  hold  jnet^S  cc,  and  this 
amount  having  been  exactly  measured  off,  the  weight  is  taken  ;  then  the 
eohition  is  poured  back  into  the  original  beaker  and  the  fact  noted  whether 
the  fragments  still  remain  fuspended  ;  then  introduced  ngain  into  the  flask 
and  weighed,  and  so  a  third  time.  The  average  result  of  the  three  weigh- 
ings, diminished  by  the  known  weight  of  the  nask  and  divided  by  25,  gives 
the  specific  gravity.  The  exact  measurement  of  the  85  cc.  is  a  matter  of 
importance,  and  is  most  easily  accomplished  by  adding  at  first  a  little  more 
than  enough  and  then  removing  the  excess  by  a  capillary  tube  or  a  piece  of 
filter  paper  ;  the  reading  is  best  taken  from  the  lower  edge  of  the  meniscus. 
It  is  not  necessary  to  clean  and  dry  the  flask  each  time.  The  weighing  need 
not  be  very  accurate,  ae  an  error  of  25  mgr,  only  involves  a  change  of  a  unit 
in  the  third  decimal  place  (-001).  The  desenber  readily  obtamed  results 
accurate  to  three  decimals.  The  advantages  of  the  method  are  that  it  is 
readily  applicable  in  the  case  of  small  fragments  (dust  is  to  Ik:  avoided),  it  is 
easily  used,  and  any  want  of  homogeneity  in  the  mineral  makes  itself  at  once 
apparent. 

This  solution  ia  also  most  useful  in  affording  a  means  of  separating  me- 
chanically different  minerals  when  intimately  mixed  together ;  as,  for  example, 
in  a  fine-grained  rock.  For  this  purpose  the  rock  must  first  be  pulverized 
in  a  steel  mortar,  then  put  througn  a  sieve,  or  better,  throngh  several,  so  as 
to  obtain  a  series  of  sets  of  fragments  of  different  size ;  the  dnst  is  rejected. 
The  fragments  shonld  be  examined  under  the  microscope,  to  see  that  they  are 
homogeneous ;  the  largest  fragments  satisfying  this  condition  will  give  the 
best  results. 

n  .J  ii,-j'- ■;■-  V-  it.n.i>,;n_ 
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According  to  Thonlet  the  beat  method  of  procedare  ie  to  first  dctcnnine  the 
density  of  flie  fragments  spproximat«lv  by  inserting  typical  ones  in  a  series 
of  samples  of  the  solntion  of  gradaallylncreasing  density.  This  point  deter- 
mined, some  60  cc.  of  the  concentrated  solution  are  introduced 
into  the  tube,  A,  and  1  or  8  grams  of  the  weighed  fragments  o^ 
added.  Then  the  tightly-fitting  rnbber  cork  with  the  tube, 
F,  is  inserted  ;  the  tnbe,  P,  is  connected  by  a  rubber  tube  witli 
an  air  pnmp,  and  the  air  bubbles  are  in  this  way  removed  from 
the  powder.  The  heavy  parts  of  the  mixture  fall  to  the  bottom, 
and  are  removed  by  opening  the  stop-cock  at  C,  and  arc  washed 
out  by  use  of  the  tnbe,  S  ;  the  other  fragments  float.  Now  a 
q^nantity  of  distilled  wat«r  is  added  in  order  so  to  dilute  the  solu- 
tion as  to  caase  the  next  heavier  portions  to  sink,  as  determined 
by  the  eqnatioD 


v(D  - 


A) 


■where  t>  =  volume  of  the  solution,  J)  its  specific  gravity,  Wi  the 
volume  of  the  water,  and  a  the  density  desirerl.  'The  cock 
at  D  is  shut  and  that  at  0  opened  and  air  blown  throngh  the 
side  tnbe,  so  as  to  mis  the  solution  thoroughly ;  tLcn  the  original 
operation  is  repeated,  and  so  on. 
GoLDscHuiDi  recommends  the  following  method  of  procedure, 
'  The  separation  is  conducted  in  a  small  slender  beaker  of  about 
40-50  cc.  capacity.  Instead  of  the  series  of  standard  solutions 
(the  density  of  which  is  liable  to  alter)  a  series  of  minerals  of 
known  specific  gravity  are  uaed  &a  indicators;  by  means  of  them  it  " 

is  easy  to  determine  the  limits  as  to  density  which  are  required  to  make  the 
separation  desired,  the  constituent  minerals  having  been  determined  bv  the 
microscope.  For  example,  suppose  it  to  be  desired  to  separate  angite,  horn- 
blende, oiigoclase,  and  orthoclase  ;  labradorite  and  albite  are  taken  as  indica^ 
tors.  Augite  &ils  at  once  in  the  concentrated  Eolution ;  if  diluted  till  the  lab- 
radorite  smks,  all  the  hornblende  goes  down  ;  before  or  with  the  albite  the 
oiigoclase  sinks,  and  the  orthoclose  is  left  suspended.  By  the  use  of  the  25  cc 
flask,  the  eiact  specific  gravity  in  each  case  can  be  obtained  if  desired.  The 
operation  of  separation  goes  on  as  follows  :  The  rock  powder  and  the  indicators 
are  inserted  with  say  30  cc.  of  the  concentrated  solution  into  the  beaker  spoken 
of, then  the  whole  is  stirred  vigorously  and  allowed  to  settle,  and  the  lighter  part 
decanted  off.  The  heavier  part  which  has  settled  is  removed  with  a  jet  from 
a  wash  bottle,  without  disturbing  the  lighter  fragments  adhering  to  the  upper 
part  of  the  beaker.     The  latter  are  enbseqnently  removed,  washed,  dried, 

rin  washed  in  the  solution,  and  added  to  the  rest  for  the  further  separation, 
the  separations  accomplished  in  this  way  are  not  complete,  they  may  be 
repeated  most  conveniently  with  the  Thoulet  apparatus.  Under  favorable 
conditions,  and  if  the  manipulation  is  skilful,  the  separation  can  he  accom- 
plished with  considerable  exactness.  For  the  best  results  the  process  must  be 
repeated  several  times. 

THOULET  recommends  also  (I.  o.)  this  method  of  determining  the  specific 
gravity  of  small  fragments  of  minerals.  A  float  of  wai  (inclosing  any  suit- 
able solid  body)  is  made  with  a  specific  gravity  of  from  1  to  3.    The  frag- 
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mentH  ot  ttie  mineral  are  lightly  preesed  into  the  wax  float,  and  this  intro- 
duced into  the  Sonstadt  solution,  ot  such  strength  that  the  float  remains  in 
equilibrium  at  any  level.     If  P,  V,  D  are  respectively  the  weight,  volume, 

snd  deneity  of  the  float  alone  (  ^  —  tt  )  """l  Pi  ">  ^  ^^'^^  same  valaea  for  the 
fragments  alone  (^  ~  ^  I  B'Ud  finally  a  the  density  of  the  liquid  in  which 
the  loaded  float  is  in  equilibrium  ;  then 


"P+y- 


BfiEON  haJi  proposed  (Bull,  Soc.  Min.,  iii.,  46,  1880)  the  following  method 

for  separating  different  minerala  intimately  mixed,  which  is  applicable  in 
cases  whore  their  density  is  greater  than  that  of  the  Soustadt  solution.  Lead 
chloride  and  zinc  chloride,  in  appropriate  proportions,  are  fused  together  {at 
400°  G.)  and  by  this  means  a  transparent  or  translucent  solution  is  obtained 
of  high  specific  gravity.  Briefly,  the  method  of  procedure  is  as  follows  :  A 
conical  tube  of  glass  is  taken,  of  about  13  to  15  cc.  capacity  ;  this  will  allow  of 
the  treatment  of  4  or  5  grama  of  the  mixed  miuerals.  The  chlorides  of  lead 
and  zinc,  in  approximately  the  proper  proportions,  are  placed  in  the  glass  tube 
and  this,  sun'ounded  by  sand,  inserted  in  a  platinum  crucible.  On  the  ap- 
plication of  heat  the  zioc  chloride  fuses  first,  but  finally  a  homogeneous  mix- 
ture of  the  two  liquids  is  obtained.  Now,  little  by  little,  the  mineral  frag- 
ments are  introduced  and  the  lii^uid  stirred  ;  then  on  allowing'  it  to  Etand  for 
a  moment  the  heavier  particles  sink  to  the  bottom  and  the  lighter  ones  float. 
The  tube  is  now  removed  from  its  sand  bath  and  cooled  rapidly.  When 
solidified  but  still  hot  the  glass  may  bo  plunged  into  cold  water,  in  which 
cose  it  will  be  broken  and  the  fragments  can  be  removed,  so  that  the  fused 
mass  within  can  be  obtained  free.  Subsequently  the  fragments  in  the  upper 
and  lower  parts  of  the  mass  can  be  separated  bv  solution  in  water  to  which  a 
little  acetic  acid  has  been  added.  The  author  has  operated  on  minerals  vary- 
ing from  wolframite  (G.  =  7-5)  to  beryl  (G.  =  2-7),  and  in  some  samples 
of  sand  has  separated  as  many  as  12  constituent  minerals. 

D.  Klein  {Bull.  Soc.  Min.,  iv.,  149,  1881)  has  proposed  to  nfe  one  of  the 
boro-tungstate  salts  in  the  place  of  the  Sonstadt  ^lution  for  the  .separation 
of  minerals  whoso  specific  gravity  is  as  high  as  3'G.  The  most  suitable  salt 
for  this  purpose  is  the  cadmium  compound,  H.CdjBsWtO«+ie  aq.  It  dis- 
solves at  23°  C.  in  about  r^  its  weight  of  water,  and  crj'stallizes  out  both 
on  evaporation  and  cooling.  At  75°  0.  it  melts  (beat  over  a  water-bath)  in 
its  water  of  crvstall ization  to  a  yellow  liquid,  on  the  surfiico  of  which  a 
spinel  crystal  (G.  =3'55)  floats.  By  the  application  of  the  Thoulet  appara- 
tus (see  above),  so  arranged  as  to  allow  of  the  application  of  heat,  solutions 
of  any  specific  gravity,  hot  or  cold,  from  1  to  3-6,  can  be  obtained.  A  num- 
ber of  common  minerals  fe.  g.  chrysolite,  epidote,  vesnvianite,  some  varie- 
ties of  ampliibole  and  mica)  can  be  separated  by  the  use  of  this  liquid,  while 
the  Sonstadt  solution  is  inapplicable.  The  n-agments  nnder  examination 
must  be  free  from  the  carbonates  of  calcium  or  magnesium,  which  decom- 
pose the  boro-tungstate  of  cadmium. 
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m.  LiflHT  (pp.  135-168). 

Measurement  of  Indices  of  Refraction. 

For  the  determiQation  of  the  iodices.of  refraction  of  crystallized  miaerala, 
Tarions  improTements  have  been  made  in  former  metbode  and  Bome  new 
methods  devised. 

Use  of  the  Horizontal  Qoniometer. — The  ordinary  method  for  determining 
the  index  of  refraction,  requiring  the  obserration  of  the  angle  of  minimnm 
deviation  (tf)  of  a  light-ray  on  passing  through  a  priani  of  the  given  mate- 
rial, having  a  known  angle  (a),  and  with  its  edge  cut  in  the  proper  direc- 
tion, has  already  been  mentioned  (p.  128).  The  two  measurements  required 
in  this  case  can  be  readily  made  with  the  horizontal  goniometer  of  Fuess, 
described  on  p,  115.  In  this  instrument  the  collimator  is  stationary,  being 
fastened  to  a  leg  of  the  tripod  support,  but  the  observing  telescope  with  the 
Temiere  moves  freely.  In  the  use  for  this  object  the  graduated  circle  is  to  be 
clamped,  and  the  screw  attachmenta  connected  with  the  axis  canjing  the 
support,  and  the  vernier  circle  and  observing  telescope  are  to  bo  loosened. 
The  method  of  obacrvation  requires  no  further  explanation  (see  also  pp. 
Ul,  150). 

Total  Reflecirometer. — F.  KoBLBACSCHhaaBhown(Wiod.  Ann.,  iv.,l,lS78) 
that  the  principle  of  total  reflection  (p.  138)  may  be  made  nse  of  to  deter- 
mine the  index  of  refraction  in  cases  where  other  methods  arc  inapplicable. 
No  prism  is  required,  hut  only  a  small  fragment  having  a  single  polished 
surface ;  this  may  be  cut  in  any  direction  for  an  isotropo  medium  ;  it  should 
be  parallel  to  the  vertical  axis  m  a  uniaxial  crystal,  and  perpendicular  to  the 
acute  bisectrix  with  a  biaxial  crystal.  The  arrangements  required  are,  in 
their  simplest  form,  a  wide-mouthed  bottle  filled  with  carbon  disulphide 
(refractive  index  l-fi)  ;  the  top  of  this  is  formed  by  a  fixed  graduated  circle, 
and  a  vertical  rod,  with  a  vernier  attached,  passes  through  tne  plate  and  car- 
ries the  crystal  section  on  its  extremity,  immersed  in  the  liquid.  The  angle 
through  which  the  crystal  surface  lying  in  the  axis  is  tnrned  is  thus  meas- 
ured m  the  same  way  as  in  f.  413h,  by  the  vernier  on  the  stationary  gradu- 
ated circle.  The  front  of  the  bottle  is  made  of  a  piece  of  plate  glass,  and 
through  this  passes  the  horizontal  observing  telescope,  arranged  for  parallel 
light.  The  rest  of  the  surface  of  the  bottle  is  covered  with  tissue-paper, 
through  which  the  diffuse  illumination  from  say  a  sodium  flame  has  access  ; 
the  rear  of  the  bottle  is  suitably  darkened.  When  now  the  observer  looks 
through  the  telescope,  at  the  same  time  turning  the  axis  carrying  the  ciystal 
sectiou,  he  will  Anally  see,  if  the  source  of  illumination  is  in  a  proper  oblique 
direction,  a  sharp  line  marking  the  limit  of  the  total  reflection.  The  an^^le 
is  then  measured  o9  on  the  gniduat«d  circle,  when  this  line  coincides  with 
one  of  the  spider  lines  of  the  telescope.  Now  the  crystal  is  turned  in  the 
opposite  direction,  and  the  angle  again  read  off.  Half  the  observed  angle 
(Sa)  is  the  angle  of  total  reflectioti ;  if  n  ia  the  refractive  index  of  the  car- 
bon dianlphide,  then  the  required  refractive  index  is  equal  to 


Under  favorable  conditions  the  resnits  are  accurate  to  four  decimal  places. 
This  method  is  limited,  of  course,  to  substances  whose  refractive  index  is  less 
than  that  of  the  liquid  medium  with  which  the  bottle  is  filled.    With  a  no- 
13 
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tioTi  of  a  uniaxial  oryaUl,  whose  surface  is  muat  conveniently  pandlel  to 
the  vertical   axia,  the  method  is  eesentially  the  same.     The  section  ia  bo 

filaced  that  in  it  the  direction  normal  to  the  optic  axis  is  horizontal.  The 
ight  will  be  here  separated  into  two  rays,  having  separate  limiting  surfaces, 
and  with  a  Nicol  prism  it  is  eaey  to  determine  which  of  them  corresponds 
to  the  vibrations  parallel  and  perpendicular,  respectively,  to  the  optic  axis. 
For  biaxial  crystals  the  surface  should  be  normal  to  the  acute  bisectrix.  This 
nill  give  by  aotnal  observation  the  values  of  a  and  y,  and  if  ZE,  the  appa- 
rent axial  angle  in  air,  is  known,  then  p,  the  mean  index  can  be  calculated 
{see  p.  150).  Instead  of  carbon  diaulphide  the  Sonstadt  solution,  with 
«  =  1'73,  can  be  employed.  The  total  reflectrometer  of  Kohlrausch  has  been 
adapted  in  practical  form  to  the  horizontal  goniometer  (f.  37'2a)  of  Fuess 
{see  Liebisch,  Ber.  Ges.  Kat.  Fr.  Berlin,  Dec.  16,  1879),  Klein  has  sng- 
^atedaome  improvements  (J,  Min,,  1879,  880),  and  Bauer  (J.  Min.,  IS&i, 
I.,  133)  has  shown  how  the  method  can  be  eimply  applied  to  the  instrument 
for  the  measurement  of  the  optic  axial  angle  (f.  ilZs),  and  without  its 
modification  in  any  important  respect. 

Quincke  (abstract  in  Z.  Eryst.,  iv.,  fi40)  has  described  another  method 
for  obtaining  the  refractive  index  of  a  snbstanco  on  the  principle  of  total 
reflection.  In  a  word,  it  consiata  in  observing  on  a  spectrometer  the  limit- 
ing angle  of  total  reflection  for  a  plane  section  of  the  substance  to  be  inves- 
tigated, brought  with  oil  of  cassia  between  two  flint  glass  prisms. 

SoBBT  (Proc.  Roy.  Soe.,  xxvi.,  384;  Min.  Mag.,  i.,  97,  194;  ii.,  1,  103) 
has  developed  the  method  of  obtaining  the  refractive  index  of  a  transparent 
medium,  nrat  described  by  Duke  de  Chaulnes  (1767),  and  has  ahown  that 
under  suitable  conditions  it  allows  of  determinations  being  made  with  con- 
siderable accuracy.  This  method  consists  in  observing  thedistance  (d)  which 
the  focal  distance  of  the  objective  ia  changed  when  a  ^lane-plane  plate  of 
known  thickness  (t)  ia  introduced  perpendicular  to  the  axis  of  trie  microscope 
between  the  objective  and  the  focal  point — here 


Sorby  makes  nse  of  a  glass  micrometer,  upon  which  two  ayatema  of  linea 
perpendicular  to  each  other  are  ruled.  The  micrometer  acrew  at  ff,  in  the 
Rosenbusch  microacope  (f.  iViE,  p.  181),  makes  it  possible  to  measure  the 
distance  throngh  which  the  tube  ia  to  be  raiaed  and  lowered  down  to  -001 
mm. ;  consequently  both  t  and  d  can  bo  obtained  with  a  high  degree  of 
accuracy. 

Bauer  has  ahown  that  the  indioea  of  refraction  may  be  obtained  with  con- 
siderable accuracy  from  meaaurements,  in  theplaneof  theaxes,  of  thediatancee 
between  the  black  rings  in  the  interference  ngurea  as. seen  io  homogeneous 
light.  The  relation  between  these  diatancea  and  the  optical  axes  of  elasticity 
was  established  by  Nenmann  (Fogg.  Ann.,  xxxiii.,  257,  1834).  Bauer  has 
made  use  of  this  method  in  the  case  of  muscovite  (Ber.  Ak.  Berlin,  1877,  704). 
He  has  also  developed  the  same  method  as  applied  to  uniaxial  crystals  and 
employed  it  lu  the  case  of  brucite  (ib.,  ISSl,  958). 

Polariuition  IngtrumenU. 
'  Polariteope. — The  earlier  forma  of  polarisoope  for  conrors^g  and  ta  pue- 
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allel  light,  as  arranged  by  Groth  and  constructed  by  Fuees,  arc  shown  in  figs. 
384,  385,  p.  134.     The  more 
recently    constructed    instrn-  ' 

mentH  (see  Liebisch,  1.  c,  p. 
343  et  seq. ),  with  some  impor- 
tant improvemonts,  are  shown 
in  f.  412c  and  f.  413d.  The 
lower  tube,/,  containing  the 
analyzer,  h:is  about  it  a  collar, 
/'  (see  detail-s,  figure  413f), 
with  a  triangular  projection, 
on  the  upper  edge;  this  fita 
into  one  of  two  correspond- 
ing     triangular     depressions 

JO   and  45°)  in  the  surround-  ' 

ing  tube,  g.  This  sen'es  to 
fix  the  position  of  the  tube, 
that  is,  of  the  vibration-plane 
of  the  enclosed  Nicol,  with  ref- 
erence to  the  fixed  arm,  B,  to 
which  the  verniers  are  at- 
tached, BO  that  the  principal 
section  of  the  Nicol  either  co- 
incides with,  or  makes  an 
angle  of  45°  with  the  0°  line 
of  the  verniers.  The  circle, », 
is  graduated  to  1°,  and  with 
the  vernier  gives  readings  to 
3' ;  the  section  to  be  examined 
is  supported  at  k.  A  similar 
collar,  u,  surrounds  the  upper 
tube,  «,  by  which  the  posi- 
tion of  the  micrometer  (at  r) 
(this  micrometer  consists  of 
two  lines  at  right  angles,  one 
of  which  ia  graduated)  can  also 
be  fixed  relatively  to  the  ver- 
nierso  that  the  graduated  line 
of  the  micrometer  is  perpendic- 
ular to  tlie  plane  through  the 
axis  of  the  instrument  and  the 
zero  of  the  vernier.  The  tube 
above  carrying  the  Nicol  has 
at  s  a  graduated  circle  which 
dhows  the  relative  directions  of 
the  vibration-planes  of  the  two 

Nicols.     Tbo  lenses  at  n  ando  *^^'- 

are  arranged  so  that  they  may  be  used  all  together,  when  strongly  converjfing 
light  is  needed,  or  the  small  lenses  may  be  removed,  so  that  three  combioa- 
tJona  are  possible.  A  small  screw  at  a  makes  it  possible  to  adjust  the  position 
of  the  ^laas  micrometer  so  that  it  shall  always  be  in  the  focus  of  the  lenses  at 
0,  a  point  which  varies  according  to  the  combination  of  lenses  employed. 
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S/auroscope — Calderon'a  Plate, — The  etauroscope  iseBBentiallytheBameia- 

Etrumcnt  as  that  mentioned  in  f.  385.     Instead,  no wcver,  of  employing  the 

Brezina  interference- pi  ate  of  culcite,  a  double  plate  ie  used,  aB  susgeBted  by  C^- 

deroii(Z.  Kiyst,,  ii.,  68).     This  plats  is,  in  fact,  an  artificial  twin,  andismade 

as  follows:  Acalcit«rhombohedron  ia  cut  through  along  the  ehorter  diagonal ; 

from  each  half  a  wedge-shaped  portion  is  cut  away  and  the  two  surfaces  thiia 

produced,  after  beingpolished,  are  cemented  together.     A  plane- plane  plate  is 

4J2q_  then  cut  from  this   (compare  figure)   by  griudiii^ 

^  away  the  angles  ns  indicated  ;  this  plate  ia  divided 

_.^--"]"~'-^_  into  two  halves   by  the  line  of   Eeparation  of  the 

--•""  I  '"'--.  artificial  twin.  Such  a  plate  is  very  sensitive,  and 
M                 I  [.■    allows  of  very  exact  obeer\-8tiona.     It  ia  placed  at  fli 

T ..-'j;'-.- ^ 7     (f.  412d),  and  when  the  arrangements  are  completed 

X^'""  ""-■-;       the  dividing  line  of  the  calcite  exactly  coincides  with 

a  vibration -plane  of  one  of  the  two  Nicols.  A  diaphragm  is  placed  above 
■with  holes  of  varying  size  according  to  the  minuteness  of  the  crystal  to  be 
examined.  The  stauroscopic  determinations  made  by  Caideroo  showed  aa 
error  of  only  3'  to  7'. 

Axial-angle  Instrument  (see  p.  148). — The  instrument  for  the  measure- 
ment of  the  angle  of  the  optio  axes  is  in  principle  essentially  that  of  Pes 
Cloizeaax,  but  m  the  details  of  the  constractiou  various  improvements  have 


been  introdnoed  (see  f.  412h).  The  same  arrangement  of  adjustable  collars 
at «'  andy  is  employed  as  in  the  other  instruments,  to  fix  the  position  of  the 
principal  sections  of  the  Kicols  relatively  to  the  plane  passing  through  the  axis 
of  the  observing  telescope  and  the  axis  of  rotation.  Instead  of  tlio  straight 
rod  in  t.  401,  in  the  pincers  at  the  extremity  of  which  the  crystal  aection  is 

n  .J  ii/j'- ■;■-  V-  it.n.i>,;n_ 
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held)  there  is  here  an  arrangement  consiBting  ot  two  concentric  tnbes,  turn- 
ing indcpeudently,  but  eo  as  to  be  clamped  at  c.  The  adjustable  disk  hav- 
ing a  horizontaf  motion  at  F,  and  the  eplierieal  segment  at  If  (Petzval 
support)  allow  of  tlie  section  being  both  centered  and  adjusted. 

Polariscope  of  Adams-Schneider. — A  polariacope  of  peculiar  const niction, 
giving  a  very  large  field  of  view,  and  at  the  same  time  Allowing  of  the  mcus- 
uremcnt  of  the  axial  angle,  wasproposed  in  ISl'S  by  Adahs  (Phil,  Mag..  IV., 
l.,p.  13,1875;  v.,  viii.,  ^75).  The  same  instrument  has  been  further  devel- 
oped by  Schneider  (Carl.  Rep.,  xv,,  744),  and  ia  also  described  by  Becke 
(Min.  Potr.  Mittli.,  ii.,  430,  1879).  The  peculiarity  of  the  instrument  con- 
sists in  this,  that  the  middle  plano-convex  lenses  which  ordinarily  are  fised 
to  the  upper  and  lower  lens  systems,  respectively  (see  o,  o,  o,  and  »,  n,  n,  in 
i.  413c),  are  here  separated  from  the  othora  in  a  common  support,  and  to- 
gether form  a  sphere.  Tlie  course  of  the  ligbt-rays  will  be  alwava  the  same, 
lioivever  the  sphere  is  rotated  about  its  fixed  centre.  Between  the  Eemi- 
sphcrical  lenses  a  space  ia  left,  and  here  is  introduced  the  section  to  be  ex- 
amined, which,  turning  with  the  surrounding  lenses,  can  obviously  be  made 
to  take  any  desired  position  with  reference  to  the  axis  of  the  instrument.  An 
appropriate  arrangement  makes  it  possible  to  measure  the  angle  through 
which  the  section  must  be  rotated  to  bring  first  one  and  then  the  second 
optic  axis  in  coincidence  with  the  axis  of  tlie  instrument.  The  advantages 
of  the  instrument  consist  in  the  fact  that  the  field  of  view  is  very  large,  and 
at  the  same  time  it  allows  of  placing  the  section  in  any  desired  position  rela- 
tively to  the  axis.  Moreover,  the  angle  measured  is  tne  apparent  angle  for 
the  glass  of  which  the  lenses  are  made,  so  that  the  axes  are  visible  in  cases 
where  this  would  not  be  the  case,  because  of  total  reflection,  either  in  air  or 
in  oil. 

Folan'zalion-Microscope. — The  investigation  of  the  form  and  optical  prop- 
erties of  minerals  when  m  microscopic  form,  as  tiiey  occur,  for  example,  in 
rocks  of  fine  crystalline  structure,  has  been  much  facilitated  by  the  nse 
of  instruments  specially  adapted  for  this  purpose.  The  most  serviceable 
polarizing  microscope,  for  general  use,  is  that  described  by  Sosenbusch  (Jahrh, 
Min,,  1876,  504),  and  mj^e  by  R.  Fuess,  of  Berlin.  A  sectional  view  is 
given  in  f,  412k.  The  essential  arrangements  are  as  follows  :  The  coarse  ad- 
justment of  the  tube  carrying  the  eye-piece  and  objective  is  accomplished  by 
^j2j__  the  hand,  the  tube  sliding  freely 


in  the  support,  p.     The  fine 
justment  is  made 


justment  is  made  by  the  screw, 
ff ;  the  screw-bead  is  gi'adnated 
and  turns  about  a  fixed  index 
attached  to  p,  by  this  means 
the  distance  through  which  the 
tube  is  raised  or  lowered  can 
be  measured  to  O'COl  mm.; 
this  ia  important  in  determin- 
ing the  indices  of  refraction 
by  the  De  Chaulnes-Sorby  meth- 
od (see  p.  178).  The  polarizing 
prism  (Eazumovsky)  is  placed 
below  the  stage  at  r,  in  a  sup- 
port, with  a  graduated  circle,  so 
that  the  position  of  its  vibnt  ion-plane  can  be  fixed.  The  analyzing  priflm 
ia  placed   above  the  eye-piece  in  a  support,  s,  which  may  be  removed  at 
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pleasure;  tbe  edseof  this  ivgradnated  and  afised  mark  on  the  plate,  f,  makes 

itpoBBibletosettheribration-plaTiein  any  desired  position.  When  both  prisma 
are  set  at  the  zero  mark,  their  vibration -planes  are  crossed  (i);  when  either 
18  turned  90°,  the  planes  are  parallel  (||).  The  stage  is  made  to  rotate  about 
the  Tertical  ajia,  but  otherwise  is  fixed  ;  its  edge  is  graduated,  so  that  the 
angle  through  which  it  is  turned  can  be  measured  to  \°.  Three  adjustment 
screws,  of  which  one  is  shown  at  n,  n,  make  it  possible  to  bring  the  axis  of 
the  object  glaes  iu  coincidence  with  asia  of  rotation  of  the  stage  (see  fur- 
ther the  detailed  drawing  at  the  side). 

This  instrument  is  especially  applicable  to  the  study  of  the  form  and  opti- 
cal properties  of  minerals  as  they  are  found  in  thin  sections  of  rocks  (on  the 
metnod  of  preparing  sec  p.  159^,  although  it  can  also  be  used  with  small  in- 
dependent crystals  and  crjatalline  sections  or  fragments.  The  more  impor- 
tant points  to  which  the  attention  is  to  be  directed,  more  particularly  in  the 
case  of  minerals  in  sections  of  rocka,  are  :  (1)  crystalline  form,  as  shown  in 
the  outline  ;  (3)  direction  of  cleavage  lines;  (3)  index  of  refraction;  (4) 
light  absorption  in  different  directions,  i.  e.,  dichroism  or  plcochroism  ;  (5) 
the  isotrope  or  anisotrope  character,  and  if  the  latter,  the  direction  of  the 
planes  of  light-Tibration — this  will  generally  decide  the  question  as  to  the 
crystalline  system  ;  (G)  position  of  the  axial  plane  and  noture  of  the  axial 
interference  figures  when  they  can  be  observed,  and  the  positive  or  negative 
character  of  the  double  refraction  ;  (7)  inclosnres,  solid,  liquid  or  gaseouB. 

In  regard  to  these  several  points  a  few  general  remarks  may  be  made.* 

(1)  Ciyalalline  Form. — In  moat  rocks  well  defined  crystals  are  rather  the  oioeption  than 
the  rule.  It  wil!  be  consequently  only  in  occasional  sections  (e.  g.  more  commontj  in  vol- 
canEc  rocks)  that  a  clear  crfstalline  outline  is  observed.  Tlie  form  ol  this  outline  will  de- 
pend upon  the  direction  in  which  the  section  Is  cut,  and  will  vary  as  it  varies  ;  this  tact 


will  eiplain  whv  in  a  given  rock  section  so  many  widely  different  forms  of  a  given  mineral 

are  observed  ;  this  irregularity  is  increased  by  tiie  fact  that  tho  crystals  may  be  more  or 

s  distorted.      For  the  rec<^nition  of  the  form,  cons«)uently,  considerable  familiarity 


with  the  various  outlines  likely  to  occur  in  the  case  of  a  given  species  is  veir  desirable. 

The  angles  between  nny  two  crystaUina  directions  is  obtained  by  first  bringing  one  oi 
them  in  coincidence  with  a  spider  lino  in  the  eye-piece,  the  adjustment  at  JV  having  been 
previously  made,  and  then  noting  the  angle  throu((h  which  the  crystal,  i,  e.,  the  stage, 
must  be  rotated  to  bring  the  other  direction  in  coincidence  with  the  same  spider  line. 

(3)  Cltnviige. — The  process  of  grinding  involved  in  tho  making  of  a  thin  section  tends  to 
develop  the  cleavage  Imes.  Here  are  to  be  noted,  (1)  the  direction  of  cleavage  (measured 
as  above),  depending  on  the  direction  in  which  the  section  is  cut  ;  and  (2}  the  chaTacter  of 
the  cleavage.  For  example,  a  basal  section  of  a  crystal  of  amphibole  snows  the  cleavage 
lines  parallel  to  the  prism  (12H°) ;  a  vertical  section  shows  one  set  of  vertical  and  parallel 

'For  the  full  development  of  this' subject,  see  the  works  of  Robehbobcb  and  Zueel 
(titles  on  p.  111.)  ;  also  the  following  : 

BoBTCKV,  E.  Elements  eincr  ncuon  chemisch-mikroskoplschen  Mineral-  and  Geeteins- 
snalyse,  72  pp.  4to,  Prag,  16T7. 

COHSH,  E.  Sammlung  von  Mikrophotopraphiecn  zur  Veranschaalichung  dermikroskop- 
Iriien  Structur  von  .Mineralien  und  Q«steinen,  aufgenommen  von  J.  Qrinmi  in  OiTenbuiv, 
1,  2,  8.  4,  6  Lfg.,  Stuttgart.  1881-82. 

DoELTEa.  Die  Bestimmung  der  petmgra^hisch  wichtigeren  Mineralien  dnrch  das  Mikro- 
ritop  ;  Eine  Anieitung  hit  mikroskop,  Gosteins- Analyse,  3U  pp.  8vo,  Vienna.  1870. 

FouQDfe,  P.  and  MicbevLIcvt,  A.  Mineralogie  niicrographique,  loches  ^ruptives  Fran- 
Raises,  609  pp.  4to,  Paris,  1B7S. 

RuTLEV,  F,    The  Study  of  Rocks,  819  pp.  ISmo,  London,  1879. 

Tboulet.  Ckintributions  a  I'l  tudc  dcs  propriet£s  physiques  et  chemiques  des  mln£ranx 
micTOSCopiques,  77  pp.  8vo.  Paris. 

Hawes,  G.  W.  The  Mineralogy  and  Llthology  of  New  Rampshirc  (Geology  of  New 
Hampshire,  vol  iii.>,  283  pp.  4to,  with  12  plates.  Pages  8-18  of  (his  work  gtvo  an  excel- 
lent summary  of  mioroBcs(q>io  methods  of  investigation,'  as  applied  to  rocks  and  minetala. 
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cteav&ge  lines.  On  the  other  h&nd,  a  biuuil  section  of  a  or^Btol  of  pjtoiene  shows  the  pris. 
malic  cleava^,  here  less  perfect  than  in  the  smphibole,  and  at  an  angle  of  87°  and  98°  ; 
a  vertical  scc'ion  ligrain  shonB  onlv  one  set.  Also  a  basal  eection  of  mica  shows  uo  cleav- 
aee  lines,  bat  a  vertical  section  shows  a  senes  of  very  fine  paruUel  lines  corresponding  to 
tec  hif^blf  perfect  basal  cleavage. 

(31  The  index  of  refraction  is  obtained  by  the  method  of  the  Duke  de  Cbaulnes,  as  devel- 
oped by  Sorijy  (see  p.  ITS). 

(4t  Pleoehruism. — To  examine  the  pleochroiam  of  a  mineral  section,  the  lower  prifm  is 
inserted  and  set  at  0°,  so  that  its  vibration-plane  coincides  with  the  direction  0^  to  lbO°  on 
the  stage.  If  now  the  section  be  placed  on  the  stag^  and  the  latter  rotated,  the  absorption 
of  the  light  vibrating  in  the  same  plane  with  the  prism  can  be  observed.  For  example,  a 
vertical  section  of  btotite  is  dark  when  the  direction  of  the  cleavage  lines  is  |  with  the  above 
named  line  (0°  to  180°  of  stage),  for  the  light  which  it  transmits  nas  vibrations  in  this  plane 
only,  and  these  are  strongly  absorbed  ;  on  the  contrary,  when  the  stage  is  rotated  Bu°  the 
section  becomes  light,  because  the  light  vibrating  |  to  this  direction,  is  but  slighlly  ab- 
sorbed ;  on  the  other  hand,  a  basal  section  shows  no  difference  ol  lifjht  absorption, 

(5)  Isolrope  or  Anisotrope,  etc. — Supposing  tbe  prisms  in  position  and  plsctd  with  their  vi- 
bration- planes  perpendicular,  a  section  of  an  amorphaua  substance,  as  glafs,  will  remain 
dark  in  all  positions  as  it  is  rotated  upon  the  stage,  for  it  has  sensibly  the  same  light-elastic- 
ity in  all  directions,  since  no  one  direction  has  any  advantage  over  another. 

A  section  of  an  ieometrie  mineral  will  also  remain  dark  as  it  is  revolved  between  the 
crossed  prisma.  A  section  of  a  tetraganal  or  hexagonal  crystal  parallel  to  the  base  will  also 
remain  unchanged  between  crossed  prisms  ;  a  vertical  section,  or  one  inclined  to  the  bese, 
will  be  dark  only  when  the  directions  of  the  spider  lines  coincide  with  the  vertical  and  Irens- 
verse  directions  :  in  other  words,  the  extinction  directions  arc  II  and  J_  to  the  priem.  A 
section  oF  an  orthorhombic  crystal  will  have  its  directions  of  extinction  coincident  with  the 
crystallographic  axes.  A  section  of  a  monoclinic  crystal  cut  parallel  to  anv  direction  in  the 
orthodiagonal  zone  will  have  its  extinction  directions  parallel  to  the  clinoJia^nai  rxIk  and 
perpencliciilar  ;  that  is.  if  prismatic  in  habit.  ||  and  J.  to  the  prism,  hence  in  this  position 
It  cannit  be  distinguished  i^m  an  orthorhombic  crystal.  On  tnc  other  hand,  in  the  case  of 
asectio.i  cut  in  any  other  piano,  the  position  of  the  extinction  directions  will  depend  upon 
the  indiiidual  cij'stsi.  For  the  exact  determination  of  these  directions  wilh  reference  to 
any  crystal li^rrapnic  lines  present,  the  method  of  the  stanroscope  must  be  employed.  For 
minute  sections  a  quartz  plate  (x  vertical  axis)  is  sometimes  inserted  (ZZ  aXtl  in  f.  412k); 
this  gives  for  a  proper  position  of  the  upper  prism  a  field  of  uniform  delicate  color  (say 
violet).  A  section  of  an  anisotrope  mineral  placed  on  the  stage  will  have  the  same  color  only 
when  its  extinction  directions  arc  ii  and  1.  to  the  vibration  plane  ot  the  lower  prism  (rr,  in 
f.  412e).  a  special  eye-pieco  (see  f.  412k)  provided  with  a  Caldcmn  plate  is  also  sometimes 
empIoye<l. 

(o)  If  the  eye-piece  Is  removed,  and  at  the  same  time  suitable  lenses  added,  two  at  T{t. 
412kJ  ami  one  above,  strongly  converging  light  is  obtainrd.  In  many  cases  wh-'n  the  sec- 
tion IS  cut  in  the  proper  direction,  the  axial  interference  figures  can  be  seen  as  distinctly  as 
in  the  ordinary  ]iolarisco[)e.  A  J-nndulation  mica  plate  m::kes  it  possible  in  such  cases  to 
determine  the  +  or  —  character  of  the  double  refraction.  On  the  uec  of  microscope  for  the 
ohservationoftheopticaiea,  see  T.lAsauix,  J.  Min,.  1878,877,  and  Z.Krvst..ii.,  258;  Ber- 
tranrt.  Bull.  Soc.  Mill.,  1878. 27  ;  Klein,  Nochr.  Gcs.  Wiss.  GOttingen,  18:8,  401  ;  I^spcyrea. 
Z.  Kn-st.,  "       — 


(7)  t'or  ft  description  of  the  various  inclosures  oftcij  observed  ir 
the  method  of  studving  them,  reference  must  be  made  to  the  wortc 


the  i^tbod  of  studying  them,  reference  must  be  made  to  the 

«fi.__  :i ;.  .i..;„.i  i...  -i g  ^jj^  effect  of  increased  temper 

3s)  the  air  bath  (f.  412l)  heated   .,  ... 

is  employed.    This  fits  into  the  stage  at  T,  and  the  section  is 

Microscope  of  Bertrand.—BerirxaA  (Bull.  Soc.  Min.,  iv.,  97-100,  1880) 
has  devised  a  form  of  minroscope  especially  adapted  for  mineralop^cal  work, 
and  allowing  of  tlie  determination  of  the  fonn  and  optical  properties  of  min- 
eralB  in  ciyatalB  or  Bections  ao  small  that  they  cannot  be  employed  in  the  or- 
dinary polariscopes.  The  tube  carrying  the  eye-piece  and  objective  has  the 
ordinary  coarse  and  fine  adjustments ;  the  former  is  accomplished  by  a  rack 
and  pillion  niov'eirent,  and  is  measured  hy  a  scale  and  vernier;  tbe  latter  is 
made  hy  a  m^i-ow  ivith  a  gradnated  head  situated  similarly  to  that  in  the  Bo- 
senbuBch  microscope.     An  opening  in  the  tube  above  the  objective  allows  of 
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the  introdnction  of  a  little  elide  carrying  a  small  lena,  whose  vertical  poBitioa 
can  be  adjusted  by  an  a]>propriste  rack  and  pinion  turned  by  a  screw  head  ; 
thia  auxiliary  lens  may  either  magnify  the  interference  fignrea  of  the  crystal 
section  or  eloe  the  section  itself,  wlicn  the  position  of  the  former  is  properly 
adjusted.  The  objective  can  be  centered  by  horizontal  screws,  and  immedi- 
ately above  it  a  quartz  wedge,  or  q uarter- an dulation  plate  of  mica,  can  be  in- 
troduced for  the  determination  of  the  character  of  the  double  refraction. 
The  stage  has  two  movemeota  in  directions  at  right  angles  to  each  other,  for 
each  of  which  a  special  scale  with  a  vernier  is  supplied  ;  also,  the  stage  ro- 
tates in  n  horizontal  plane,  and  is  supplied  with  a  graduation  to  allow  of  the 
measurement  of  the  angle  of  rotation.  The  lower  polarizing  prism  is  supplied 
with  several  lenses  for  producing  strangly  converging  light,  and  by  a  screw 
can  be  moved  in  a  vertical  direction.  In  addition,  a  small  goniometer  with 
oil  bath  is  provided,  which  can  be  placed  npon  the  stage,  and  which  allows 
of  the  measurement  of  the  optic  axial  angle  of  the  section  under  examination. 
The  special  advantages  of  thia  instrument,  as  shown  by  the  observations  of  the 
inventor  with  it,  as  also  those  of  Dea  Oloizeanx,  are  that  it  allows  of  all  the 
necessaiT  optical  determinations  even  in  crystals  or  crystal  sections  which  ate 
extremely  minnte. 

On  the  Cause  of  the  so-called  Optical  Anomalies  of  Crystals. 

[The  following  pctragrsi^hs  contain  e,  brief  statement  of  the  results  of  some  ol  the  more  ' 
jroportaot  of  recent  in  vestigBtions  bearing  upon  the  subject  of  the  "Optical  Anomalies"  o! 
crjstala.  It  will  be  seen  that  the  main  point  at  issue  is  aa  to  the  true  explanation  of  the 
phenomena  of  double- refract  ion,  observed  in  many  crystallized  minerals  of  apparent  iso- 
metric form  (as  f^met,  fluorite,  horacite,  analcite,  ete.  t,  and  analogous  variations  from  the 
theoretical  optical  character  in  crystok  apparently  tetragonal,  hexagonal,  etc.  (as  vesuvl- 
anite,  zircon,  corundum,  beryl,  etc.).  Are  these  "optical  anomalies"  a  proof  that  the  appa- 
rent symmetry  of  the  observed  form  is  only  p»eado-S'jm7aetry.  being  due  to  the  complex 
twinning  of  parts  of  lower  grade  of  symmetry  than  that  whicn  the  cn'sUl  as  a  whole  simu- 
lates? In  otlier  words,  do  the  optical  properties  actually  belong  to  the  inherent  molecular 
structure  of  the  parts  of  the  crystal  1  Or,  does  the  geometrical  form  of  the  whole  really 
represent  the  true  symmetry  of  the  crystal,  and  are  these  phenomena  (of  doDblc-refraction 
in  isometric  crystals,  for  example)  due  to  secondary  caoBes,  such  as  internal  tension  pro- 
duced during  the  growth  of  the  crystal,  and  so  on  ? 

In  regard  to  this  sohjecl,  it  maybe  remarked  that  it  is  beyond  question,  on  theone  hand, 
that  peeadi'-symmeiry  is  to  some  extent  a  law  of  nature,  for  the  crystals  of  many  minerals 
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crystals  may  be  made  biaxial  liy  pressure,  and  so  on.  Which  of  these  two  explanations  is 
to  be  applied  in  the  large  number  of  cases  now  nnder  discussion  cannot  be  regarded  as 
settled,  although  the  writer  inclines  to  the  opinion  that  the  second  explanation,  more  fully 
detailed  later,  will  be  found  to  hold  true  in  the  case  of  the  majority.  This  does  not  seem, 
however,  to  be  the  place  nnr  the  time  for  a  full  review  of  the  testimony  which  has  been  ao- 
oumulated  on  both  sides  of  the  question.] 

There  are  a  considerable  number  of  minerals,  the  crystals  of  which  exhibit 
optical  phenomena  which  are  not  in  accordance  with  the  apparent  symme- 
try of  the  crystalline  form.  Cases  of  this  kind  were  observed  by  Brewster 
(1815  and  later),  and  investigated  by  bim  with  a  remarkable  acuteness  con- 
sidering the  imperfect  instruments  then  available  For  example,  alum,  anal- 
cite,  borocite,  diamond,  fluorite,  hdite  were  shown  by  Brewster  to  exert  an 
effect  on  polarized  light  not  in  accordance  with  their  apparent  isometric 
form.  With  the  improved  methods  and  means  of  investigation  at  the  dis- 
posal of  mineralogists  in  recent  times,  the  list  of  minerals  whose  crystals  ex- 
nibit  "  optical  auomolieB  "  has  been  vei^  lai^y  increased. 
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In  ezpUnation  of  these  anomalies,  various  hypotheses  haye  been  adranced. 
Beewstbb  explained  them  in  the  case  of  diamond  as  due  to  local  tension 
connected  with  solid  or  gaseous  ineloanrea.  In  1841  Biox  published  his 
memoir  on  lamellar  polarization  (C,  B.  xii,,  967  ;  xiii.,  155,  391,  839),  and 
explained  tbe  optical  characters  of  the  minerals  named  above,  as  also  the 
tetragonal  apopbyllite,  as  due  to  that  cause.  Tbe  idea  advanced  by  him  was 
that  Che  ciystal  was  made  np  of  thin  lamellEe,  which  exerted  on  transmitted 
light  an  effect  analogous  to  that  of  a  bundle  of  parallel  glaes  plates.  Volqeb 
(1851-5)  attempted  to  show  that  in  the  case  of  ooracite  the  anomalons  opti- 
cal properties  were  due  to  the  presence  of  a  doubly-refracting  anisotrope 
mineral,  parisite,  derived  from  alteration  ;  much  later  (1868)  this  view  was 
accepted  by  Des  Cloizeaux.  Masbach  (Poeg.  Ann.,  xciv.,  412,  185S)  dis- 
cussed the  question  more  broadly,  and  concluded  that  the  phenomena  ob- 
served were  due  to  the  presence  in  the  normal  substance  of  tU)normal  aniso- 
trope  portions,  which  last  owed  their  existence  to  a  tonsion  produced  at  the 
time  the  crystal  was  formed.  It  was  further  shown  by  von  Rbl'sch  (ib.  cxxxii,, 
618, 1867)  that  the  hypothesis  of  Biot  was  not  sufficient  to  explain  the  observ&d 
facts  in  the  case  of  alum.  He  also  took  up  the  view  of  Marbach,  and  follow- 
ing out  much  the  same  idea  as  that  of  Marbach,  reached  the  conclusion  that 
the  anisotrope  characters  of  isometric  crystals  were  due  to  the  condition  of 
internal  tension  existing  within  the  crystal.  As  bearing  upon  the  question 
he  proved  by  experiment  that  by  suitable  pressure,  in  the  case  for  example 
of  alum  crystals,  the  double- refraction  could  be  removed.  The  inflnence  of 
pressaro  in  causing  double  refraction  was  early  investigated  by  F.  K  Neu- 
HANN  (Pogg.  Ann.,  liv.,  449,  1841),  and  by  "Pfaff  (id.,  cvii.,  333  ;  cviii., 
573,  1859).  The  subject  has  also  been  discussed  by  Hibschwald  (Min. 
Mitth.,  1875,  ni). 

More  recently  the  idea  of  internal  molecular  tension  as  a  cause  of  anoma- 
lous optical  characters  hoa  been  developed  by  Klocke,  Jannettaz,  Klein,  Ben 
Saudo  and  others,  as  more  particularly  described  later. 

In  1876  Mallabd  published  his  most  important  memoir  (Ann.  Min., 
Til,,  X.,  60-19G)  upon  this  subject,  in  which  he  not  only  gave  a  very  large 
number  of  new  facts  of  a  similar  nature,  but  also  advanced  a  new  explana- 
tion which  has  been  warmly  accepted  by  some  mineralogists.  He  regards 
all  the  indications  of  double-refraction  observed  in  apparent  isometric  crys- 
tals, and  analogous  variations  from  the  normal  chai-acter  in  crystals  of  other 
systems,  as  proof  that  the  form  ie  only  apparently  isometric,  tetragonal,  and 
BO  on  (paeudo-isomelric,  paeudo-ieiraffonat,  etc.),  the  union  of  several  indi- 
vidual crystals  giving  rise  to  an  external  form  of  a  higher  grade  of  symmetry 
than  that  which  they  themselves  possess.  On  his  view,  an  apparent  iso- 
metric cube  mav,  in  fact,  be  a  combination  of  six  uniaxial  crystals  ^count- 
ing two  parallel  as  one,  in  fact  only  three  independent),  each  having  the 
form  of  a  square  pyramid,  unit«d  so  that  their  bases  form  the  sides  of  the 
cube,  and  ttieir  vertices  arc  combined  at  the  centre.  Again,  an  apparent 
regular  octahedron  may  be  made  up  of  eight  uniaxial  triangular  pyramids, 
similarly  placed  ;  a  dodecahedron  of  twelve  rhombic  pyramids  (boracite),  or 
perhaps  of  forty-eight  triclinic  triangular  pyramids,  the  bases  of  four  com- 
bining to  form  a  rhombic  face.  In  most  of  these  cases  the  optic  axis  coin- 
cides with  the  axis  of  the  pyramid. 

Mallard  thus  includes  among  paeudo-isnmetric  species :  alum,  analcite.. 
boracite,  fluorite,  garnet,  senarmontite  ;  v,mtm%  paevdo-tetragonal  species; 
apopbyllite,  mellite,  octahedrite,  rutile,  vesuvianite,  zircon  ;  among  pseudO' 
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haxt^onal  species :  apatite,  beryl,  eorandum,  penainite,  ripidoUte,  tonrma- 
line  ;  paeudo-orthorhombic  species  :  barmotome,  topaz  ;  pseudo-monoclinic : 
orthoctase. 

Many  observations  similar  to  those  of  Mallard  have  been  made  by  Beb- 
TBAND  (in  Ball.  Soc.  Min.,  1878-1883),  who  applies  the  same  metiiod  of 
explanation  to  them.  For  explanation,  Bertrand  has  described  crystals  of 
j;(arnet  which  were  biaxial,  with  an  angle  of  about  90° ;  a  hexoctaiiedron 
being  made  up,  in  his  view,  of  forty-eight  triangular  pyramids,  four  to  each 
pseud o- rhombic  pyramid.  Each  pyramid  is  biaxial,  wfth  the  ocnte  negative 
bisectrix  nearly  normal  to  the  base,  and  the  axial  plane  coincides  with  the 
direction  of  the  longer  diameter  of  the  rhombic  face.  Further,  apparent 
tetrahedral  crystals  of  romeite  are  regarded  as  formed  of  four  rhombonedroiis 
of  130",  placed  with  their  vertices  at  a  common  point.  Also  in  the  case  of 
romeite  the  octahedrons  are,  in  hia  view,  formed  by  the  grouping  of  eight 
rhombohedral  crystals  of  90°  about  a  central  point.  The  above  will  servo  as 
illustrations.  Bertrand  has  extended  bia  ohaervationa  over  a  considerable 
number  of  species,  and  the  explanation  given  by  Mallard  of  the  optical  phe- 
nomena just  described  is  strongly  supported  by  him,  aa  against  the  Mar- 
bach-Bcusch  theory  of  molecular  tension,  more  minutely  (Tescribod  below. 
Bertrand  urges  (Bull.  Soc.  Min.,  v.,  3,  1882)  that  a  true  doubly-refracting 
crystal,  whether  simple  or  a  complex  twin,  can  always  be  distinguished  from 
B  crysUl  normally  isotrope,  but  modified  through  internal  tension  or  any 
other  cause.  The  difference,  he  states,  is  to  be  seen  in  parallel  polarized 
light,  where  the  former  will  show  a  distinctness  and  uniformity  of  character 
which  does  not  belong  to  the  latter ;  still  more  clearly  in  converging  light, 
where  the  truly  double-refracting  crystal  shows  throughout  the  same  char- 
acters, each  fragment  into  which  the  section  may  be  broken  giving  the  iden- 
tical uniaxial  or  biaxial  figures  with  the  whole ;  on  the  other  hand,  this  can- 
not bo  true  of  the  diSerent  parts  of  a  crystal  made  doubly-refracting  through 
m>me  cause,  as  contraction,  and  so  on.  As  illustrations  of  these  facts,  ne 
appeals  to  boracite,  garnet,  pharmacosiderite,  etc,  stating  that,  as  the  re- 
snlt  of  his  observations,  they  fall  into  the  former  class.  He  speaks  further  of 
octahedrons  of  boracite  formed  of  twelve  biaxial  crystals,  and  of  romeite 
formed  of  eight  uniaxial  crystals,  aa  showing  that  the  internal  structure  is 
independent  of  the  external  form  ;  as  bearing  further  upon  this  point,  it  is 
stated  that  the  imperfect  crystals  of  the  garnet  rock  of  Jordansmahl  show 
the  same  twinning  of  biaxial  individuals  as  do  isolated  crystals  of  garnet, 
whose  external  form  is  complete.  But  reference  must  be  made  to  the  obser- 
vations alluded  to  beyond,  which  do  not  entirely  support  the  conclusions  of 
Bertrand. 

This  subject  has  been  discussed  by  Grattabola,  who  includes  calcite, 
quartz,  nephelite,  haritc,  etc.,  in  tho  list  of  species  which  have  an  apparent 
symmetry  niglier  than  that  which  really  belongs  to  them  ;  his  conclusions, 
however,  are  not  based  upon  observations  (Dell'  unitA  cristallonomica  in 
Mineralogia,  Florence,  1877). 

In  many  other  cases,  besides  those  mentioned  above,  observers  have,  on  the 
basis  of  variation  in  angles,  or  of  optical  characters,  reached  the  conclusion 
that  tho  species  in  question  really  belongs  to  a  system  of  lower  svmmetry  than 
that  to  which  it  has  been  ordinarily  referred.  For  example,  see  l)esCloizeaux 
on  microcline  and  milarite ;  Bumpf  on  apophyllite  (Min,  Petr.  Mitth.,  ii., 
369);  Becke  on  chabazite  (ib.,  li.,  301),  and  hessito  (ib.,  iii.,  3U1); 
Sohraaf  on  hrookite  (Ber.  Ak.  Wien,  Ixxiv.,  535  and  Z,  Eryst.,  i.,  274)  ana 
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other  species ;  Bresina  on  antnnite  (Z.  Eryet.,  iii.,  373);  Techennak  on  the 
tnicas  (Z.  Kryst.,  ii.,  11)  and  corundum  (Min.  Petr.  Uitth.,  ii.,  362) ;  and 
many  other  cases.  These  last  named  obserratioas,  liowever,  do  not  generally 
admit  of  being  explained  on  the  hypothesis  of  Mallard.  In  many  of  them  the 
conclusions  reached  are  beyond  doubt  correct,  in  others  the  question  must  be 
re^rded  as  still  undecided. 

TscuEBHAK  proposes  the  term  mimetic  for  those  forms  ( "  mimetische  For- 
men"J,whicli  imitate  a  higher  grade  of  sjmraetn' by  the  grouping  (twinning) 
of  individuals  of  a  lower  grade  of  symmetry,  as  for  example,  arogonite ;  also, 
chabazite,  which,  according  to  Becke,  is  apparently  rhombohedral,  but,  in 
feet,  formed  by  a  complex  twinning  of  triclinic  individuals  (this  conclusion, 
however,  is  not  universally  accepted).  He  also  uses  the  term  paeudo-sym- 
metiy  to  describe  the  phenomena  in  general  (ZS.  O.  Oea.,  xxxi.,  6b7, 1879,  and 
Lehrb.  Min.,  p.  89  et  seq.,  1881). 

The  explanation  of  the  optical  phenomena  referred  to  above,  which  was 

J>resented  by  Marbach  and  later  developed  by  ReURch,  has  been  recently  still 
urther  elaborated  by  Klocke  (J.  Min.,  1860,  i.,  53,  168),  Klein,  Jiinnettaz, 
Ben  Saude.  Klocee's  first  observations  were  made  upon  artificial  crystals  of 
alum.  He  found  that  each  crystal  (contrary  to  eurhcr  statements)  showed 
doubly  refracting  properties  as  strongly  normal  to  an  octahedral  plane  as  in 
other  directions.  A  section  parallel  to  this  plane  was  divided  into  f.j;  sectors 
by  radial  line%  passing  from  the  angles  to  tho  centre;  the  directions  or  extinc- 
tion in  each  sector  being  |[  (parallel)  and  _L  (perpendicular)  toitsouteredge, 
these  directions  consequently  coinciding  for  each  pair  of  opposite  sectors. 
These  sectors  behaved  as  if  made  up  of  bands  in  a.  state  of  tension  panillcl  to 
their  longer  direction  ;  a  similar  result  was  obtained  by  subjecting  a  six-sided 
octahedral  and  isidrope  alum  section  to  pressure  rarpcndiciilar  to  two  of  its 
edges.  He  found  further  that  all  the  sections  of  me  same  crystal,  independ- 
ent of  tho  crystallographic  orientation,  were  alike  as  i-egards  the  direction  of 
the  tension,  and  that  all  crystals  mode  at  the  same  time,  that  is,  under  the 
same  conditions,  yielded  identical  results  ;  but  this  was  not  true  of  crystals 
made  at  different  times.  Further  it  was  found  that  the  distortion  peculiar  to 
Uie  crystal  exerted  an  essential  effect  upon  the  number  and  arrangement  of 
the  optical  sectors,  and  that  the  position  which  the  crystal  occupied  in  the 
vessel  during  its  formation  was  also  an  important  factor. 

Jjater  tho  same  author  (J.  Min.,  1881,  li.,  249)  has  extended  his  observa- 
tions to  somo  of  the  species  exhibiting  pseudo-symmftry.  He  shows,  among 
other  results,  that  pressure  exerted  normal  to  tho  vertical  axis  of  a  sectiou  of  a 
tetragonal  or  hexagonal  crystal  which  hasbeen  cut  j_c  (vert.),  changes  the  uni- 
axial interference  figure  into  a  biaxial,  and  with  substances  optically  positive, 
the  plane  of  the  optic  axes  is  parallel,  and  with  negative  subatancea  normal, 
to  tho  direction  of  pressure.  This  was  observed  on  sections  of  vesuvianite 
and  ^wphyllite  which  exhibited  uniaxial  portions.  Many  sections  arc  divided 
into  nmr  optical  fields  (biaxial)  with  the  axial  plane-  perpendicular  to  the 
edge.  The  behavior  of  each  field  in  a  section  of  apophyllite  consequently  is 
(optically  -+- ,  its  above)  as  if  in  a  state  of  tension  parallel  to  the  adjacent  com- 
bination-edge with  tho  prism ;  but  with  vesuvianite  (optically  — )  the  direc- 
tion of  tension  is  perpendicular.  This  explanation  is  supported  by  the  fact 
that  pressure  exortod  in  the  proper  direction  serves,  in  accordance  with  the 
above  principles,  respectively  to  increase  or  diminisli  the  axial  angle.  The 
author  also  succeeded  in  obtaining  axial  interference  figures  visible  in  oob- 
Tcrging  polarized  light  in  gelatine  sections  when  under  pressure ;  the  same 
phenomenon  Id  parallel  light  had  been  earlier  observed. 
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On  the  obserratioos  of  Jjixmarrxz,  showiDg  the  effect  of  internal  tension 
in  cansing  double-refraction,  see  Bull,  Soc.  Min.,  ii.,  134 ;  ii.,  191 ;  iii,  20. 

The  i-eaults  of  the  observations  of  Kleiw  (J.  Min.,  1880,  ii.,  209  ;  1881, 
).,  339)  on  boracite  have  an  important  bearing  upon  this  Bubject.  As  stated 
above,  it  is  included  bj  Mallard  among  the  pseuao-iBometrio  species.  Biising 
his  results  more  especially  upon  the  e.Yaminatiou  of  crystals  of  dodecaliedral 
habit,  M:Lnurd  concluded  that  the  apparent  simple  form  is  made  up  of  twelve 
rhombic  pyramids  whose  bnaal  planes  form  the  twelve  faces  of  the  dodecahe- 
dron. Baamhauer,  on  the  basis  of  results  of  etching  experiments,  more  par- 
ticularly on  crystals  of  octahedral  habit,  concluded  tliat  the  species  vias  or- 
thorhombic,  the  apparent  simple  form  being  made  up  of  six  individuals  whose 
bases  woold  coincide  with  the  cubic  planes  (p.  187).  The  observations  of 
Klein  show  that  the  structure  of  the  crystals  of  different  liabits  vary — some 
agreeing  with  the  scheme  of  Mallard — some  with  that  of  Baumhaaer ;  ho 
sbowE,  however,  very  conclusively  (as  it  seema  to  the  writer)  that  this  appa- 
rently complicated  structure  is  probably  due  to  internal  tension  produced 
during  the  growth  of  the  crystals.  Crystallographically  there  is  no  variation 
in  angle  from  the  requirements  of  the  isometric  system  to  bo  observed.  In 
regard  to  the  optical  characters,  he  shows  that  the  interior  optical  structnre 
does  not  correspond  to  the  exterior  planes ;  that  the  etching  figures  do  not 
correspond  to  the  optical  limits;  that  a  change  of  temperature  alters  the 
relativo  position  of  the  optical  fields  without  influencing  the  form  of  the 
etching  figures ;  that  the  differently^  oricntired  optical  portions  lose  their 
sharp  limits,  they  change  their  positmn  relatively,  some  disappearing  in  part 
or  whole,  and  others  appearing.*  Klein  has  also  made  a  series  of  optical 
studies  on  garnet  (Nachr.  Ges.  Wiss.  Gottingen,  June  38,  1883),  and  after  a 
review  of  the  whole  snbject  decides  in  favor  of  the  true  isometric  character  of 
the  species  ;  the  double-refraction  phenomena  observed  being  due  to  secondary 
causes. 

Ben  Saude  (J.  Min.,  1883,  i.,  41)  has  investigated  analcite,  and  arrived  at 
the  conclusion  that  witli  it  also  the  abnormal  optical  characters  are  to  bo  ex- 
plained by  internal  molecular  tension.  He  shows  that  the  crystals  are  foi-med 
of  different  optical  parts,  ia  combinations  of  30  with  the  cube  and  trapezo- 
hedron  together,  and  34  for  the  trapezohedron  alone,  the  form  of  which 
changes  as  the  outer  surfaces  of  the  crystals  change.  The  structure  can  be 
explained  in  this  way,  as  made  up  of  pyramids  going  from  each  piano  to  the 
middle  of  the  crystal  having  the  plane  as  its  base,  with  as  many  sides  as  there 
are  edges  to  the  plane;  as  the  outer  form  changes  the  optical  structure 
changes  correspondingly  ;  every  edge  corresponds  toan  optical  boundary,and 
every  plane  to  an  optical  field.  All  these  double-refraction  phenomena  are 
explained  as  due  to  secondary  causes.  Moreover,  the  author  has  proved  that 
gelatine  cast  into  the  form  of  the  natural  crystals  has  on  solidifying  an  analo- 

'  A  memoir  b;  SUlard  (Boll.  Soo.  Min.,  v.,  141,  1889)  npaa  tho  effect  of  heat  nfton  bo- 
ncite  cTTStAls  was  I'eceived  jast  as  these  pa^  were  going  to  press.  MalUnI  details  the 
results  01  numerous  experiments,  and  eoncludea  that  the  effect  of  heat  does  not  modifj'  the 
form  of  the  elHpsoid  oi  clasticitv,  nor  the  position  of  the  six  different  ortentatioiui  which  it 
can  have  ;  iCon^  modifles  the  choice  made  hj  each  of  the  cr^rtal  sections  between  the  six 
orientations.  From  this  it  ia  concluded  that  this  ellipsoid  is  in  fact  chamcteristic  of  the 
crystalline  rfseau  of  the  species,  and  that  the  apparent  isometric  symmetry  is  doe  to  the 
method  of  jroupiny  slluded  to.    Analogous  results  were  obtained  with  crystals  of  i  ' 

alum  sulphate  (orthorhoi-'^'' ''  "■ ' '"' "■'  — ^  "■ ' — '— —  * 

from  this  that  a  perfect 
the  pMudo-tuxagonaL 
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gouB  optical  stractnre,  showing  tlie  same  sections,  the  same  directions  of  lights 
extinction,  and  under  favoring  conditions  the  same  position  of  the  optic  axes. 
Ben  Sande  has  also  examined  perofekite  (Gekriinte  Preisschrift  der  Universitiit 
Gottingen,  1882)  from  the  same  standpoint,  with  reference  to  the  etching- 
flgnres  and  optical  phenomena.  Ho  concludes  that  it  ia  to  be  referred  to  tho 
isometric  system,  and  that  the  double  refraction  ia  to  be  explained  as  caused 
by  chaogps  in  the  original  position  of  equilibrium  produced  in  the  growth  of 
the  crystals.  This  conclusion,  howcTer,  ia  at  variance  with  tho  results  of 
the  observations  of  others. 
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P^ET    II. 

CHEMICAL  MINERALOGY. 


MnnEBALS  are  either  the  nncombined  eloraenta  in  a  native  state,  or  com 
pounds  o£  these  elements  formed  in  accordance  with  chemical  laws.  It  ii 
the  object  of  Cheini<»l  Mineralogy  to  determine  the  chemical  composition 
of  each  Bpecies ;  to  show  the  chemical  relations  of  different  species  to  each 
other  where  such  exist ;  and  also  to  explain  the  methods  of  distinguiBhing 
different  minerals  b;  chemical  means.  It  thus  embraces  the  most  import- 
ant part  of  Determinative  Hineralc^. 


Cbehioal  CoNBTmrnoH  or  Mikbb&ls. 

In  order  to  understand  the  chemical  constitntion  of  minerals,  some 
knowledge  of  the  fundamental  principles  of  Chemical  Philosophy  in 
required  ;  and  these  are  Iiere  briefly  recapitnlated. 

Chemical  elements. — Chemistry  recognizes  sixty-four  snbstancea  which 
cannot  he  deconiposed,  or  divided  into  others,  by  any  processes  at  present 
known ;  these  substances  are  called  the  chemical  eUrnerUa,  Of  these 
oxygen,  hydrogen,  and  nitrogen  are  fixed  gases;  chlorine  and  flnorine  ar« 
generally  gases,  but  may  be  condensed  to  the  liquid  state ;  bnoraine  is  a 
volatile  fiqnid ;  and  the  rest,  under  ordinal^  conditions,  qnicksilrer  excepted, 
are  solids.  Of  these  last  carbon,  phosphorus,  arsenic,  sulphur,  boron,  (tel- 
Inriuni),  selenium,  iodine,  silicon,  generally  rank  as  non-metallic  elements, 
and  the  others  as  metallic* 

Moleculea  ;  Atoms. — By  a  moletyuU  is  understood  the  smallest  portion  of  a 
substance  which  possesses  all  the  properties  of  the  matter  itself ;  it  is  the 
smallest  division  into  which  the  substance  can  be  divided  witbont  loss  or 
change  of  character.  The  molecule  of  water  is  the  smallest  conceivable 
particle  which  can  exist  alone,  and  which  has  all  the  properties  of  water. 
An  atom  is  the  smallest  mass  of  each  element  which  enters  into  combina- 
tion with  others  to  form  the  molecnle.  Thos  two  eh«mi.<xd  units,  or  atoms, 
of  hydrogen  unite  with  one  atom  of  oxygen  to  form  ^q  physical  unit,  or 
molecule,  of  water. 

Atomic  weiglUB. — The  relative  weights  of  the  chemical  units,  or  atotni, 
of  the  different  elements  are  their  atomic  weights.    For  the  sake  of  nul- 
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formit;  the  atom  of  hydrogen,  the  lightest  of  all  the  elcmentB,  has  Nxm 
adopted  OS  the  standard  or  unit  The  absolute  weight  of  the  atome  cannot 
be  aetermined ;  bat  their  relative  weight  can  in  many  cases  be  fixed  beyond 
question.  When  the  elements  are  gases,  or  form  gaseous  compounds,  the 
atomic  weights  are  determined  directly.  Thus  in  hydrochloric  acid  gas 
there  are  equal  volumes  of  liydrogen  and  chlorine,  or,  Jhemically  espreesed, 
one  atom  of  liydrogen  combines  with  one  atom  or  clilorine ;  by  analysis  it 
is  found  that  m  100  parts  there  are  274  by  weight  of  hydrogen,  and  9728 
of  chlorine ;  hence  it'  hydrogen  bo  taken  as  the  unit,  tJie  atomic  weight  of 
chlorine  is  35-5,  since  2-94  :  97-26  =  1  :  35-5. 

Where  the  elements,  or  their  compounds,  are  not  gases,  the  atomic  weighti 
are  determined  more  or  less  indirectly,  and  are  sometimes  not  entirely  free 
from  doubt.  The  analysis  of  rock-ealt  gives  us,  in  100  parts,  60*68  parts  of 
chlorine,  and  39-32  parts  of  sodium  ;  now  if,  ns  is  believed,  the  number  of 
unite  of  each  element  involved  is  the  same,  or  in  other  words,  if  the  mole- 
cule consists  of  one  atom  each  of  chlorine  and  sodium,  then  the  atomic 
weights  will  be  as  60-63  :  39-32 ;  or  35-5  :  23,  since  that  of  chlorine  =  35-5. 
Hence  the  atomic  weight  of  sodium  is  23,  when  referred,  like  chlonne,  to 
that  of  hydrogen  as  the  unit.  There  is  an  assumption  in  such  cases  as  to 
the  number  of  units  of  each  element  involved  whicli  may  introduce  doubt, 
BO  tliat  otlier  nietliods  are  applied  which  need  not  be  here  detailed. 

The  follon-ingtablegives  the  atomic  weights  of  the  elements.  The  symbols 
used  to  represent  an  atom  of  each  element  are  sliown  in  the  table ;  in  most 
cases  they  are  the  initial  letter  or  letters  of  the  Latin  name.  When  more  than 
one  atom  is  involved  in  the  formation  of  a  compound,  it  is  indicated  by  a 
small  index  number  placed  below,  to  the  i-ight :  as  SbjO|,  which  signifies  i 
of  antimony  to  3  of  oxygen.  The  quantity  hy  weight  of  any  element  enter- 
ing into  a  comixjund  is  always  expressed  either  by  the  atomic  weight  or 
soiiio  multiple  of  it ;  hence  the  atomic  weights  are  strictly  the  mmoinin{f 
xoeightt  of  tlie  difi^ereiit  elements. 
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*  B7  tiie  dBteRnhution  of  the  ■pedfio  ItMti  «f  oerinm,  didTminin,  and  lanthumm,  Ttt. 
HUIebniuI  boa  «hoiru  leoently  tl»t  tbe  oiidee  of  the  three  metala  u«  tttqaiaada  (0a«O(, 
DiiOi,  LhOi),  and  oDireapondini  to  tbem  the  atonin  weigbta  dicnild  be  0«  s  188^  IN  ■ 
U4'8,  La  =  18».    (Po«k.  Ann.,  elvlU.,  71, 1870.) 
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ReleniDiB 
SUv«t 

Sodiam 


Salphnr 

Tantalam 

Tellurium 

ThaUium 

Tboiimn    . 

Tin 

Titaninm 

TungBteu 

Uriuiimn 

Tanadium 

Yttrium 


Atomicity  ;  QuarUivdlence. — The  combining  power  of  each  element  ie 
measured  by  the  number  of  hydrogen  atoms  with  wliich  it  combiiiea  in 
forming  a  chemitial  compound.  In  hydrochloric  acid  (HCl),  one  atom  of 
hydrogen  combines  with  one  of  chlorine;  in  water  (FiaO),  two  atoms  of 
hydiiJgen  combine  with  one  o£  oxygen  ;  in  ammonia  (IIbN),  three  atoms  of 
hydrogen  combine  with  one  of  nitrogen;  and  in  marsh  gas  (11(0),  four 
atoms  of  hydrogen  are  required  to  enter  into  combination  with  one  carbon 
atom. 

J3y  the  examination  of  compounds  of  all  the  elements  we  are  able  to  fix 
the  combining  power,  or  quantivalence,  of  each,  expressed  in  hydrogen 
units.  All  those  elementa  which  combine  with  one  atom  of  hydrogen,  or 
an  element  which  (like  chlorine)  has  the  same  quanti valence,  are  called 
moTuids  ;  those  which  require  two  of  hydrogen,  or  two  othur  monad  atoms, 
in  forming  the  componnd,  are  called  dyads;  tlioseunitii^with  three  atoms 
(if  hydrogen  are  called  triads  ;  and  similarly ' tetrads, p^ada,  hexads,  and 
hepUids. 

The  adjective  terms  univalent,  bivalent,  trivalent,  quadrivalent,  etc.,  are 
also  employed  with  similar  meaning.  Atoms  having  the  same  degree  of 
qnantivalence  are  said  to  be  equivalent;  this  is  true  of  Na  and  K,  both 
monads,  and  they  may  i-eptace  each  other  in  similar  compounds;  but  it 
requires  two  sodium  atoms  to  be  equivalent  to  one  calcium  atom,  since  the 
latter  is  a  dyad.  ■ 

The  degree  of  qnantivalence  may  vary  for  many  of  the  elementa  in 
different  compounds;  for  example,  in  FeO  or  FeS,  iron  (Fe)  is  bivalent, 
since  it  BatislieB  or  is  combined  wilJi  simply  a  dyad  ;  in  FeSa,  it  is  quadn- 
valent,  since  it  is  united  to  two  atoms  of  a  dyad ;  and,  sinirlariy,  in  [FeJO, 
it  is  sexivalent  (for  tlie  double  atom). 

jferissads;  Artiads. — Those  elements  whoee  atoms  have  an  odd  quanti' 
valence  (I,  III,  V,  or  VII),  are  called  pei-vtsada  ;  those  whose  qnantivalence 
is  even  (II,  IV,  VI)  are  called  arti'tda.  These  terras,  periBsad  and  artiad, 
are  derived  fmni  irepttriro'!  and  dprtof,  the  words  for  odd  and  even  in 
•ncient  arithmetic  The  following  table  gives  the  division  of  the  ele- 
meutB  into  these  two  classes,  and  shows,  also,  the  qnantivalence  of  each  elft 
ment:  ^^ 
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Flttorine. 

Chlorine,  T,  HI,  T,  VIL 
Bromine,  I,  lU.  V,  VIL 
lodino,      1,  m,  V,  TIL 

Lilbinm. 

Sodium,         I,  ni. 

PotaMiom,     I,  m,  V. 

Rubidium. 


NitiogeE,  I,  III.  V. 

Phosphoine.  I,  III,  T. 

Aaeaie,  I,  III,  T. 

Antimon;,  III,  V. 

Bismuth,  III,  V. 

am,  I,  in 

Pwlaik  .■— 
Columbinm. 
TanUlum. 


Tuudlnin, 


ni,v 


OijKan. 

Sulphur,  n,  IV,  VL 
Belsuinm,  II,  IV,  VL 
TeUurium,  II,  IT,  VI. 

Caloinin,  II,  IV. 
Strontium,  II,  IV, 
Balinm,       II,  IT, 


Cudmium. 

Qluainum. 
Tttnum. 

Lanthanum. 
Didfminni. 
ErUum. 

Meiouiy  [%<]", 
Ooppei     [Onj", 


Uoijtideniim 
Tnagiten, 

,  U,  TV,  VL 
IT,  VL 

Bnthenium, 
Bhoditiro, 
Iridium, 
Oaminm, 

II.  IT,  VI 
II,  IT,  VL 
11,  IV,  VL 
U,  IV,  TI. 

Aluminum, 
Ohroninm, 

IV,  [Al,l", 
n;  IT,  TL 

HanganeM, 

Nickel, 
Cranium, 

n,  IV,  VI. 

U,  IV,  VL 
II,  IV. 
ILIT. 
U,1V. 

The  general  diviBione  of  chemical  cotnpoande  now  accepted  are  as  fol- 
lows. 

1.  Binaries,  where  the  atoms  are  directly  united.  Examples  are  given 
by  the  conipouuda  of  a  positis'e  (basic)  element  with  oxygen  (NajO,CaO, 
CO,),  called  osndes  ;  those  with  Bulpnur,  chlorine,  bromme,  iodine,  etc., 
called  gulpkides,  chlorides,  etc.  Binary  compounds  of  s  negative  element 
with  hydi-ogen  (as  HCl,  RBr)  form  acids. 

2.  Ter^iai-iea,  where  the  atoms  are  united  by  means  of  a  third  atom,  as 
oxygen,  sulphur,  etc.,  as  CaSO^,  MgjSiO*,  etc 

Among  minerals  there  are  three  classes  of  coniponiidsf  (1)  The  Native 
Elements ;  (2)  Binary  compounds,  including  the  suhtMdes,  oxides,  cMorides, 
iodides,  fluorides  ;  (3)  Ternary  compounds,  iucluaiDg  su?j)h^arsenites,  etc,, 
hydrates  (hydrated  oxides),  idlivates,  moelly  salts  of  the  acids  Il^SiOj  and 
HgSiOa,  tantalates,  colnmbatcs,  phosphates,  ai'senates,  sulphates,  chromates, 
ciirbonates,  etc.  The  full  enumei-ation  of  these  uompoiinda,  with  iheir  gen- 
eral chemical  formulas,  ai-e  given  in  the  synopsis  which  precedes  the 
Descriptive  Mineralogy. 

TJie  position  of  water  m  the  composition  of  minerals. — Many  minerala 
loee  water,  especially  upon  the  application  of  heat.  With  some  of  these  it 
IB  given  off  upon  mere  exposure  to  dry  air  at  ordinary  temperature,  and 
eucli  crystals  are  said  to  effloresce  :  others  lose  water  when  they  are  placed 
in  a  desiccator  over  sulphuric  acid,  or  when  they  are  snbjected  to  a  siiglitlj 
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blevated  tempciatare ;  with  othere,  again,  a  greater  heat;  ia  required;  and 
with  a  few  silicates  water  is  yielded  only  upon  long  continued  heating  at  a 
very  high  temperature.  It  is  evidently  possible  that  either,  (1)  the  mineral 
contains  water  as  anch,  or  (2)  t!ie  water  is  formed  by  the  process  of  decom- 
positioii  caused  by  the  application  of  heat.  In  the  canea  fii-at  ntentioDed, 
where  water  is  readily  given  oS,  it  is  believed  that  the  water  actually  exists 
as  BQch  ill  the  compound.  It  is  fonnd  that  many  salts  take  up  water  when 
thoy  crystallize,  and  in  some  cases  the  amount  of  water  depends  upon  the 
temperature  at  ^hich  the  salt  is  formed;  this  water  is  called  water  of 
eryatallisation.  For  example:  manganous  sulphate  has  three  definite 
amounts  of  this  water  of  crvstallization,  according  to  tlie  temperature  at 
which  it  has  been  formed.  'W'hen  cirstallized  below  7°,  its  composition  is 
AInS0(  +  7II,0;  between  7°  and  20°,  MnS04  +  5H,0;  and  between  20" 
and  30°,  MnbO,  +  4H,0. 

In  those  cases  where  a  veiT  high  temperature  is  required  to  make  a  loss 
of  water,  it  is  quite  certain  tlie  water  has  no  place  as  such  in  tlie  original 
constitution,  but,  on  the  contrary,  that  the  mineral  contains  basic  hydrogen, 
replacing  the  other  basic  elements.  In  some  cases,  where  part  of  the  water 
ie  yielded  at  a  low  and  the  i-est  at  a  very  high  teinperature,  this  shows  that 
a  difference  exists  in  regard  to  the  part  which  the  water  plays  in  the  two 
cases  \  for  example,  crystallized  sodium  phosphate  yields  readily  24  equiva- 
lents of  water^  while  the  remaining  1  molecule  ia  given  oS  only  at  a  tem- 
perature between  300'^  and  400°;  from  this  it  ia  concluded  that  in  the 
latter  ease  the  elements  fonniiig  the  water  exist  actually  in  the  salt,  and 
that  its  composition  ia : 

H,Na,P,OB+24aq. 

The  part  played  by  the  water  in  the  silicates  is  m  moet  cases  still  nnde- 
oided,  thongh  in  many  species  the  hydrogen  is  undoubtedly  basic.  The 
latter  is  douhtlesa  true  of  many  of  the  so-called  hydrous  silicates.  The  viowB 
commonly  held  in  regard  to  them  will  be  gathered  fi-om  the  descriptive  part 
of  this  work. 

Chemical  formulaa  for  minerala. — A  chemical  formnta  expresses  the 
relative  amounts  of  the  different  elements  present  in  the  compound,  in 
tenns  of  their  atomic  weights — or,  in  other  words,  more  strictly  tlie  number 
of  atoms  of  each  element  in  a  given  molecule  with  or  without  tlie  expression 
of  their  probable  grouping. 

EiTtpirusal  formulas  simply  state  in  the  briefest  form  the  result  of  the 
analysis,  giving  the  number  of  atoms  of  each  element  pi-esfent  without  any 
theoretica'  '^nsideratioiis.  Forexamplo,  the  empirical  formula  of  epidote 
is  Ri,A:lgCfc,HsO». 

The  object  of  the  rational  formulas  is  to  express  not  only  the  number  of 
atoms  of  each  element  pi-esent,  but  also  their  probable  method  of  grouping, 
and  relatt<in  to  each  other,  in  the  molecule.  These  are  called  typical  for- 
mulat  when  the  attempt  is  made  to  ari-ange  the  atoms  in  accordance  with  the 
type  of  water,  or  some  other  type. 

In  the  rational  formulas  of  the  old  chemistry  the  oxygen  (or  sulphur) 
was  apportioned  to  the  several  elements,  according  to  their  combining 
power,  and  the  basic  and  acid  oxides,  or  snlphides,  tlins  obtained  were  writ- 
ton  cousocativoly.     For  example,  the  formiua  of  woltastonite  (calcium  EiU< 
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cate),  uecording  to  the  old  dualistic  method,  was  written  CaO,  SiO^,  aod 
of  anhydrite  (calcium  eiilphate),  CaO,  S0|.  The  priuciplee  of  the  new 
chemistry  liave  set  aaide  these  rational  fonuiilas ;  but  as  others  consistent 
with  the  new  principles  now  adopted  have  not  in  all  ca&es  been  accepted, 
it  is  customary  to  give  the  furmidas  of  minerals  empirically.  Fur  those 
above  the  empirical  formulas  are  CaSiO,  and  CaSOj,' 

Jielation  between  the  old  and  new  st/stems. — -The  points  of  difference 
between  the  old  and  new  chemistry  have  already  been  hinted  at.  The 
principal  changes  which  have  been  introduced  by  die  latter  are  :  (1)  The 
doubling  of  all  the  atomic  weights,  except  those  of  the  inonad  elements, 
and  also  of  bisinnth,  arsenic,  antimony,  nitrogen,  phosphorus,  and  boron, 
whose  oxides  are  now  written  BijOj,  instead  of  BiOj,  ete.  Cor  res  ixni  ding 
to  this  change,  binary  compounds  involving  the  monad  elements  ai-e  writ- 
ten :  _H,0  instead  of  HO,  Na,0  for  NaO,  KaaS,  etc.,  also  CrtClj  instead  CaCl, 
SiFj  instead  of  SiF„  and  so  on.  (2)  The  method  of  viewing  the  composi- 
tion of  ternary  compounds — -these  being  now  regarded  twt  as  conipounda 
of  an  oxide  and  a  so-called  acid,  but  as  compounds  for  the  most  part  of 
the  several  elements  concerned,  and  hence  a  metal  in  a  compound  ia 
believed  to  be  replaced  by  another  metal,  not  one  oxide  by  another.  Hence 
we  say  calcium  carbonate,  or  carbonate  of  calcium  instead  of  carbonate  of 
liinc,  and  write  the  formula  CaCO,,  not  CaO,  CO,;  and  so  in  the  other 
cases. 

iieplacing  power  of  the  different  elemeiits. — It  has  been  mentioned 
that  tiie  replacing  power  of  the  elements  is  in  proportion  to  their  (Kimbining 
power,  that  is,  to  their  qu ai it i valence.  For  example,  one  atom  of  Mg  or 
of  Ba  may  replace  one  atom  nf  Ca,  all  being  dyads  ;  but  two  atoms  of  Ifu 
(monad)  are  required  to  replace  one  of  Ca ;  siinilai-ly  three  dyad  atoms  are 
eqnivalent,  or  may  replace,  one  hexad  atom,  thus,  3Ca  =  [Ala], 

The  i-elation  of  the  different  oxides  may  bo  uuderetood  from  the  follow- 
ing scheme,  in  which  tlie  above  principle  is  m»do  use  of.  The  line  A 
below  contains  the  different  kinds  of  oxides,  B  the  same  divided  each  by 
its  number  of  atoms  of  oxygen  (that  is,  sevemlly,  for  the  successive  terms, 
by  1,  3,  y,  5,  3,  7,  4),  l>y  wliich  division  tliey  ai-e  reduced  to  the  pi-otoxide 
form.     C  the  basic  elements  alone : 
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EO" 

EFO" 
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B'O' 

E()' 
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KO 
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E>0 

E'O 
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E» 

According  to  the  above  law  the  R,  E*,  U'.  etc.,  in  tlie  last  line,  are  mnlo- 
ally  replaceable,  1  for  1,  tliongh  varying  in  atomic  weight  ftiim  1  to  J, 
They  repi-esent  different  states  in  which  elements  may  exist,  and  have,  to  a 
certain  extent,  indo)>endent  element-like  relations.  In  some  cases,  as  in 
iron,  four  nf  these  states  are  represented  in  a  single  element,  the  compounds 
(1)  FeO,  FeS,  (2)  [-VO",  (3j  FeS=,  (4)  FeO»,  containing  this  metal  in  foui 
states  Fe,  Fe<,  Fe',  Fe». 

The  use  of  the  fractions  can  be  avoided  by  multiplying,  instead  of  divid- 
ing, thus,  Fe*  of  Fe*^  re)>]ace8  Fe  f\t  FeO,  we  might  have  said,  2Fe  of 
Fe'C  replaces  3Fe  of  FeO  (Fe^O»,  Fe"0*),  and  so  for  the  others. 

Those  different  states  of  the  oleiuents  are  best  designated  in  the  aymbolc 
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hj  the  Greek  letters  a,  ^,  etc.,  thas  avoiding;  all  ccnfnaion.     The  above 
lilies  A,  B,  C  theu  beuoine 


A 

»R0 

8/SEO 

27EO 

5SR0 

3.E0 

rfRO 

4,E0 

I! 

aEO 

/3B0 
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(R 

,R 

By  means  of  this  system  all  the  different  oxides  may  be  reduced  to  tlio 
common  protoxide  form,  and  thus  the  true  relations  of  the  silicates  may  be 
clearly  expressed.  This  is  exhibited  in  the  formulas  for  the  silicates  given 
in  Dana's  System  of  Mineralogy  (1S68). 

Calculation  of  a  formula  from  an  aruilyaia. — The  result  of  an  analyBiii 
gives  the  proportions,  in  a  hundred  parts  of  the  mineral,  of  either  the  ele- 
luenta  tliemselves,  or  of  their  oxides  or  other  compounds  obtained  in  the 
chemical  analysis.  In  order  to  obtain  the  atomic  proportions  of  the  ele- 
ments :  Divide  ike  peroeniagea  of  the  elements  by  the  respective  atomio 
WETOHTS ;  or,  for  those  of  the  oxides ;  Divide  the  percentage  amounts  of 
each  by  their  molbculab  wsiohts  ;  then,  find  tha  atmpUst  ratio  in  whoU 
nmniersfor  tits  numbers  ih,u%  obtained. . 

Hxamplse. — A.n  analysis  of  boumonite  from  Meiseberg  gave  Kammels- 
berg :  Lead  (Pb)  42-88,  copper  (On)  13-06,  antimony  (SbJ  24-34,  and  sul- 
phur (S)  19-76  =  100-04.  Dividing  each  amount  by  its  atomio  weight  we 
bbtain : 

^^  =  -m:      ^^  =  -206:      Hil*=-217:      i^  = -6176. 
207  '      63-4  •        122        '°"  »        32    -  ^^"'• 

ThD  atomicratiois  hence:— Pb  :  On  ;  Sb  :  S  = -267  >-208  :  -217: -6175; 
that  is,  1005  :  1 ;  1-053  :  2-998,  or  in  whole  numbers,  1:1:1:8.  The 
empirical  formula  is  consequently  OnPbSbBj. 

An  analysis  of  epidote  from  Dntersalzbach  gave  Ludwig: 


SiO^ 

AlO, 

»iO, 

PeO 

OaO 

H,0 

87-83 

22-63 

1602 

0«3 

23-27 

2-06: 

:  101-78. 

From  the  resulte  of  the  analysis  given  in  'this  form,  the  percentajje 
amonut  of  each  element  may  be  calculated  in  the  nsual  way  ;  we  obtain : 
Si  17-65,  Al  12-06,  ffe  10-51,  FeO  072,  Oa  16-62,  H  0.23,  O  4364.  The 
number  of  atoms  of  each  element  may  be  calculated  from  the  last  given 

percentages  by  dividing  each  by  the  atomic  weight,  that  is  =  -630 

12-06  ^° 

for  Si,  ■■  --J-  =  0-22  for  41  (=  Alj),  etc  Or,  the  percentage  amounts  of  eacli 

oxide  may  be  divided  by  its  moleonlar  weight,  and  the  result  will  be  the  same ; 

tut  Sia,the  molecular  weight  is  60  (38+2x16),  hence, -^  = '680  aa 

22*63 
before;al8o6)r41,108(=2x27-5+Sxl6),and-T^=:  0-S3,  etc     Hm 

atomic  proportions  thus  obtained  aret 
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Pe  Fe  Ca  H  O 

0-094        0-013        0-415        0-230        2-727,  oi  eimplj 


&  2-99  4-07  2-2         25-79,    or  again, 

6  3  4  2  2fi. 

l"he  empirical  formula  is  consequentlj  SijAlsCa^HjOsg,    Ab  in  the  above 

case,  it  is  necesBary,  when  very  sinatl  quantities  only  of  certain  elements 
are  present,  to  iiej'lect  them  in  the  final  formula,  reckoning  them  in  with 
the  elements  which  they  replace,  that  ia,  with  those  of  the  same  qnantiva- 
lence.  The  degree  of  cori-espondence  between  tiie  analysis  and  the  formula 
dednccd,  if  the  latter  is  correctly  assumed,  depends  entirely  upon  the  accuracy 
of  the  former. 

QuantiiialerU  Ratio. — In  the  chemical  constitution  of  most  minerals 
there  exists  a  strong  distinction  between  the  basic  and  acidic  elements,  and 
this  relation,  in  the  case  of  sabstances  of  complex  character,  is  often  fixed 
when  otherwise  the  composition  is  exceedingly  varied.  In  the  dualistic 
formnlafl  of  the  old  cliemistry  this  relation  was  expressed  in  the  "  rixygen- 
ratio"  which  gave  the  ratio  between  the  number  of  oxygen  atoms  belong- 
ing respectively  to  the  bases,  protoxide  and  eesqnioxide,  and  to  the  acid. 
The  expression,  "  oxygen -ratio,"  is  not  in  harmony  with  tlie  present  method 
of  viewing  chemical  compounds,  and  the  term  has  consequently  lieen,  to 
W)me  extent,  abandoned ;  the  same  relation,  however,  between  .the  different 
classes  of  elements  still  exists,  but  the  ratio  must  he  regarded  as  that  exist* 
iug  between  the  total  qnanti valences  of  eaeh  group  of  elements,  and  hence 
may  be  called  the  QuANrrvALKNT  Eatio.* 

Tlie  old  formula  for  all  the  members  of  the  ganiet  family  w  SS,  !ft,  3^1 
=  3R0,  fiOg,  3SiO^  and  the  oxygen  ratio  for  ft  :  S  :  Si  =  1  :  1  :  2,  or  for 
bases  to  silica,  1  :  1.  Here  li  may  be  cither  Ca,  ilg,  I'Y',  Sin,  or  Cr,  and  ll 
either  Al,  iPe,  Qr.  This  formula,  however,  written  according  to  the  new 
system  (the  quantivalence  being  expressed  by  Roman  numerals  over  the 
symliols),  is; 

K,ftSi,Ou ;  or  K,RJOa!Sij, 

to  indicate  that  the  oxygen  is  regarded  ae  all  linking  oxygen.  The  ratio 
of  the  total  qnanti  vale  rices  for  each  class  of  elements,  dyads  and  hexada 
(basic),  and  tlie  tetrad  silicon  (acidic),  is : — 3  x  II :  Tl :  3  x  IV,  or,  Q.  ratio 
for  R :  ft  :  Sit  =  6  :  6  :  12,  that  is,  1  :  1 :  2. 

The  same  i-atio  for  (R+ft) :  Si  =  1 :  1,  both  of  which  are  identical  with 
the  previously  given  oxygen  i-atio. 

•  This  nUtdon  wm  bronght  ont  by  Prof.  Dana  tn  1W7  (Am.  J.  Sd..  iliv.,  80,  2B3,  308>. 
■nd  it  forms  the  bnaU  of  all  the  formalas,  aocordiiig  to  the  new  sjEtem,  [□  Daiia'a  Sjdiem  ot 
Uineralog?,  1868.  Prof.  Cooke  baa  dUcnased  the  Mme  sabject  TAm.  J.  Sd,,  II.,  zlviL,  880, 
1660),  he  calls  the  ratio,  the  Atomio  Ratio  ;  the  latt«r  term,  however,  ia  {reneiallj  used  fn  n 
difleietkt  WDse,  benoe  the  dxpiesmon  Qnantivalent  Ratio  emplored  here. 

t  Thioogboat  this  \r<tA  Uie  letter  R,  nnlew  otherwise  indioated,  repteaenti  ft  Moobnt 
netal,  Aid  fi  either  Fe,  Al,  6t,  Md,  wbste  tlie  qnantlvalenoe  of  the  donble  atom  is  nx.  In 
»  few  oa— B.  to  indloat«  fnrther  lelatdona,  the  dgn  of  Use  qoaatifaleaoe  la  lometimet  wnoloTed 


.Ol.^H 
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ThuB  the  oxygen  ratio  of  the  old  aystom  becomes  the  qwintivaUnt  ratio 
of  the  new,  "a  terra,  too,  which  has  a  wider  meaning  and  bearing  than  that 
which  it  i-eplaces,"  This  principle  of  tlie  ratio  between  the  total  qaariti- 
valences  ia  an  important  one,  and  fundamental  in  the  character  of  chemical 
conipoQudB.  This  is  well  shown  in  the  example  liere  given,  where,  for  a 
family  of  minemla  of  so  varied  composition  as  the  gamete,  it  remains  con- 
stant in  all  varieties.  Its  importance  is  even  more  marked  in  the  many 
siiicateB  wliere  ft  replaces  3R  (as  in  spodumene  iii  the  pyroxene  family). 

Tlie  quantivalent  ratio  is  obtained  by  multiplying  the  q nan ti valence  of 
each  class  of  elements  present  by  their  number  of  atoms;  or  by  dividiD}; 
the  percentage  amount  of  each  element  by  the  atomic  weight  and  multiply 
by  Its  quantivalence.  When  the  basic  or  acid  oxides  are  given,  divide 
the  percentage  amount  of  each  by  the  molecular  weight,  and  multiply  aa 
before  by  the  number  expressing  the  quantivalence,  and  the  result  is  the 
total  quantivalence  for  the  given  element. 

DlMORFHISU.       IsOMOSPHISM. 

A  chemical  compound,  which  crystallizes  in  two  forms  genetically  dis- 
tinct, is  said  to  be  dimorp/iou9  f  if  iu  Wvvea,  trimorphous^  or  in  general 
pUomoi'phoiis.     The  phenomenon  is  called  dimorphism,  or  pleomokphibm. 

On  the  other  hand,  chemical  compounds,  which  are  of  dissimilar  though 
analogous  composition,  are  said  to  be  isomorpkoua  when  their  crystalline 
forms  are  identical,  or  at  least  very  closely  related  (sometimes  called  homceo- 
morphoiis).     This  phenomenon  is  called  isomobfiiism. 

An  example  oi  vleomorphiam  is  given  by  the  compound  calcium  carbon- 
ate (CaCOa),  which  is  trimarphou-? :  appearing  aa  calcite,  as  aragonite,  and 
as  baryto-calcite.  As  calcite,  it  crystallizes  in  the  rhombohcdral  sjsteni, 
and,  unlike  as  its  many  cr^talline  furms  are,  they  may  be  all  referred  to 
the  same  fundamental  rhombohedron,  and,  what  is  more,  they  have  all  the 
same  cleavage  and  the  same  specific  gravity  (2-7),  and,  of  coui-ae,  the  same 
optical  characters.  As  aragonite,  calcium  carbonate  apjicars  in  orthorhom- 
bic  crystals,  whose  optical  characters  are  entirely  different  from  those  of 
calcite,  as  will  be  underetood  from  the  explanations  made  in  the  preceding 
chapter.  Moreover,  the  specific  gravity  of  aragonite  (2-9)  is  higher  than 
that  of  calcite  (2-7)-  Again,  as  baryto-caleitey  calcium  carbohate  crystal- 
lizes in  a  monoclinic  form. 

The  explanation  of  the  phenomenon  of  pleomorphism  in  tliis  case— and 
an  analogous  explanation  must  answer  foi"  all  such  cases— is  to  be  found, 
not  as  was  once  proposed  in  a  slight  variation  of  chemical  composition,  but 
in  the  different  conditions  in  which  the  same  compound  has  been  formed. 
Thus  Rose  has  shown  that  the  calcium  carbonate  precipitated  from  a  solu- 
tion by  the  alkaline  carbonates  in  the  cold  has  the  form  of  calcite,  whereas, 
if  the  precipitation  takes  place  at  a  temperature  of  100"  C,  it  takes  the 
f-irm  of  aragonite.  Moreover,  he  found  mat  arasonite  on  heating  foil  to 
powder,  and  though  no  loBS  of  weight  took  place,  the  specific  gravity  (ii'9) 
bocame  that  of  calcite  (2*7), 

Many  other  examples  of  pleomorphism  may  be  given :  Silica  (SiO|)  ia 
trimorphoiis ;  appearing  as  qiiar^^  rliombohedral,  G  =  2*6d ;  as  tridymi^ 
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hexagonal,  O  =  3-3 ;  and  as  aanumite,  ortborhombic,  0  =  2-24  l^tanio 
oxide  (TiOj)  is  also  tiimorphous,  the  species  being  called  rutUe,  tetragonal 
{c  =:  -0442),  G  =  4-25 ;  octahed-rite  (p  =  1-778),  G  ==  3-9 ;  and  brookits, 
ortborhombic  or  inoiioclinic,  G  =  4'15.  Carbon  appears  in  two  forms,  in 
diamoTid  and  graphite.  Other  familial-  examples  are  pyrite  and  marcasite 
(FeS-j);  acaiitfiite  and  argentite  (AgjS);  sphalerite  and  wiirtzite  (ZnS); 
stilpluu-  natural,  ortborliombic,  if  artiiiclal  and  cryBtallizing  from  a  moltoii 
condition,  monoclinic.  The  relation  in  form  of  the  species  mentioned, 
and  also  of  those  of  other  dimorphous  gi-onpa,  will  be  found  in  Fart  III., 
Descriptive  Mineralogy. 

Isomorphism,  is  well  illustrated  by  the  m-oup  of  ihombohedral  carbonates, 
with  t!ie  general  formula  liCOg.  fiere  K  may  be  Ca,  Mg,  Fe,  Mn,  or  Zd: 
or  further,  iu  the  same  species,  the  R  may  be  represented  by  botJi  Ca  ana 
Mg  ill  varying  pro  portions,  as  reniai-ked  on  the  following  page,  or  both  Ca 
and  Fe,  etc.     lu.\e  group  is  as  follows : 


Caldte. 

MaginoBite. 

Siderite. 

SmitluwmU. 

CaCO, 

106° 15' 

MgOO, 

HnOO,    , 

FeCO, 

ZnOO, 

105°  5' 

107°  29- 

106°  61' 

loro' 

lor  40' 

Ankerite  (parankerite),  brennerite,  mesitite,  and  pintomesite  belong  to 
the  same  group.  AU  tlie  above  species  liave  an  analt^iis  composition,  and 
all  crystallize  in  the  rhombohedral  system,  the  angle  of  tlie  fundamental 
form  varying  somewhat  in  the  different  cases. 

Mitschorlieh,  who,  by  a  series  of  experimental  researches,  established  tlie 
principle  of  isomorphism,  expressed  it  as  follows:  Substances,  wAic/i  ar« 
analogous  c/ieTiiicai  compoujuis,  have  the  same  crygtaUine  forin,  or  ar« 

IBOMOKFUOUS. 

Some  of  the  more  important  isomorphona  groups  are  mentioned  below, 
for  the  description  of  the  different  species  reference  must  be  made  to 
Part  III. 

Isometrie  system. — (1)  The  spinel  gronp,  having  the  general  fonnnla 
RftOi,  including  spinel  MgArlO,,  magnetite  FeFeOj,  chromite  Fe6rO,,  also 
fraiiklinite,  galmite,  etc.  (2)  The  ai.uh  gronp,  for  example,  potash-alum 
KjAlSjO,j+24aq,  etc.  (3)  The  oabnkt  group,  having  the  general  formula 
Rsft8i,0a. 

Tetragonal  system. — Kdtilb  group,  RO, ;  including  rutile  TiO„  and  cas- 
■jjterite  SliCV  The  scHKKLrrB  gioup ;  including  echeelite  CaWOi,  stolzite 
PbWO,,  wnlfenite  PbMO.. 

Hexagoiud  systent. — APATrrK  group  ;  apatite  3CajPjOs  +  Ca{CI,  F)j,  pyro- 
morphite  SPbgPjOa  +  PbCIj,  minietita  3PbjAB,0g+PbClj,  and  vanadinite 
8Pb,VjOa  +  Pb01».  CoBDMonH  group,  fiOg;  corundnm  AIO^  hematite 
FeOg,  menaccanits. 

Rhomhokedral  system. — Calcttb  gronp.  RCOi,  already  mentioned. 

Orthorhomhic  system. — Akaoonite  gronp,  RCOg;  aragonite  CaCC^ 
witiierite  BaCOt,  strontianite  Si-CO,,  cerussite  PbCO>  Babttk  group,  RSO4 ; 
barite  BaSO^,  celestite  SrSO«^nhydrite  CaSO^  angleaite  PhSO*.  Chbtso- 
ura  group,  general  formula,  RtSiO^. 
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Monodinietyitem. — Ooppebab group imelanterite  FeSO^+Taq;  biebcrite 
CoSOj+7aq,  etc.      Pyroxene  gronp,   RSiOj,  etc 

Monodinio  and  TncUtiic.    Feldspar  group. 

The  above  enviineration  includes  only  the  more  prominent  ammg  the 
JBomorphons  gmupa.  In  many  other  cases  a  close  relationship  exists  amons 
species,  both  in  form  and  composition,  as  brought  out  in  Dana's  System  of 
Mineralogy  (1854),  and  as  also  to  some  extent  exhibited  in  the  grouping  of 
the  Bpeciee  in  the  descriptive  part  of  this  work. 

(1)  It  will  be  observed  in  the  above  that  a  replacement  of  an  element  in  a 
compound  by  one  or  more  other  elements,  chemically  equivalent,  may  take 
place  without  any  essential  change  of  the  crystalline  form.  Besides  this  a 
part  of  one  element  may  be  similarly  replaced.  This  is  illustrated  in  the 
case  of  tlic  rhonibohedral  carbonates :  calcite  has  the  composition  CaCOg, 
and  magnesite  MgCOgj  but  in  dolomite  the  place  of  the  basic  element  is 
taken  by  Ca  and  "Us  in  equal  proportions,  so  that  the  fornmU  may  be 
written  (4Ca+iMg)C08,  or  more  properly  CaMgCjO,.  But  besides  this 
compound  there  are  others  where  the  ratio  of  Ca  to  Mg  is  3  :  2,  also  2  : 1, 
and  3  : 1,  etc.  Further  than  this  the  Ca  or  Mg  may  be  m  part  replaced  by 
Mu,re,oi-Zn. 

The  mineral  ankerita  is  one  in  which  Ca,  Mg,  Fe  (Mn),  all  enter,  and  in 
different  pniportiona.  Boricky  has  shown  that  the  composition  of  Oio 
ankerite  gnnip  of  eomiKiunds  is  esprcsaed  by  the  formula: — CaCOg-f  FeGO| 
+iB(CaMgCO.),  where  x  may  be  *,  1,  \,  f  J,  2,  3,  4,  5, 10.  This  and  all 
simihir  cases  are  examples  of  isomorphoua  r^lacemeni. 

It  is  not  essential  that  the  replacing  elements  in  an  isomorphous  series 
should  have  the  same  quautivaleuce,  although  this  is  generally  true.  For 
example,  spodumene  is  isomorphous  with  the  pyroxene  gTOup,  though  in  it 
the  bivalent  element  is  replaced  by  a  sexivalent  {3R  =  it),  8o,  too,  meuac- 
eanito  was  included  in  the  corundum  gi-onp,  since  here  RROs  is  isomor- 
phous with  SO,.  This  relation  of  the  elements,  which  are  not  equivalent, 
18  bi-ought  out  by  the  method  of  viewing  the  oxides  presented  on  p.  174. 

(2).  Miiiei'als  which  er3'Btallize  in  different  systems  may  yet  be  isomor^ 
phous,  when  the  difference  between  their  geometrical  form  is  slight ;  this 
IB  eonspieuoualy  true  of  the  members  of  the  feldspar  family. 

(3).  Minerals  may  be  closely  related  in  form,  although  there  is  no  ana- 
logy whatever  between  their  cliemical  composition ;  many  such  cases  have 
been  noted,  e.g.,  axinltc  and  glauberite,  azurito  and  epidote. 

Two  substances  may  be  both  homceomorphous  and  correspondingly 
dimoi-phons ;  anti  they  are  then  described  as  isodimoTphous.  Titanic  oxide 
(TiO,),  and  stannic  oxide  (SnOJ,  are  both  dimorphous,  and  they  are  also 
homceomoi-plKins  severally  iii  each  of  the  two  forms.  This  is  an  example 
of  isodimorphiam. 

Tliere  are  also  casen  of  ieotrimorphigm.  Thus  thera  are  the  follomng 
related  groups ;  the  angle  of  the  rhombohedral  forms  here  given  is  Ji  i  S' 
of  the  oithoi'hombic  and  munoclinic  / :  /(for  baryto-calcite  2-i  on  2-i): 

JOumbtAeOrol.  OrthOThonAU.  MotuMUnta, 

BOOi  Cftldte,  IDS"  9'.  Angonlbs,  11R°  KT.  BuTtooalcilie,  96°  8*. 

BSOt  Dreelite,  W-M'.  Anglente,  108°  88'.  aUnborite,  SS^-SS"  Mf, 

■80,+iiItOOi       SuMiilta,  M°.  LMdhUUta,  108°  IS'.  LMWiUte,  St"* 
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.  Calcite,  aragonite,  and  barTtocalcite  form  an  nndonbted  case  of  trimor 
phiam,  as  has  already  been  shown.  Dreelite,  angleeite,  and  glanberitc 
c>:)nstitiito  another  like  series,  and  moreover  it  is  closely  parall^  in  angle 
with  the  former.  In  the  third  line  we  have  the  eulphato-carbonate  saean- 
nite  near  dreelite  in  angle,  leadhillite  {identical  with  suaannite  iu  compoei- 
tion)  near  aitglesite,  and  lanarkite,  another  eulphato-carbonate,  near  glan- 
berite,  forming  thus  a  third  parallel  line.  The  sulphuric  acid  in  these  sul- 
phato-carbonatea  duininates  over  the  carbonic  acid,  and  gives  the  form  of 
the  enlphates  ennmerated  in  the  second  line  of  the  table. 

OhKHIOAL  ExAHIKATIOH  of  M1NEBAL8. 

The  chemical  characters  of  minerals  are  aflcertained  (a)  by  the  action  of 
acids  and  other  reagents ;  (d)  by  means  of  the  blowpipe  assisted  by  a  few 
chemical  reagents;  (c)  by  chemical  analysis.  The  last  method  is  the  only 
one  by  which  the  exact  chemical  composition  of  a  mineral  can  be  deter- 
mined. It  belongs,  however,  wholly  to  chemistry,  and  it  is  nnnecessary  to 
touch  upon  it  here  except  to  call  attention  to  the  remarks  already  made 
(p.  160)  upon  the  essential  importance  of  the  use  of  pure  material  for  analysis. 

The  various  testa  and  i-eactions  of  t3ie  wet  and  dry  methods  are  important, 
since  they  often  make  it  possible  to  determine  a  mineral  with  very  little 
laboi,  and  this  with  the  nso  of  the  minimnm  amount  of  materiah 

a.  Exammation  in  the  Wet  Way. 

The  most  common  chemical  reagents  are  the  three  mineral  acids,  hydro- 
chloHc,  nitric,  and  sulphuric.  In  testing  the-  powdered  mineral  with  these 
acids,  t]  10  important  points  to  be  noted  are:  (1)  the  degree  of  solubility, 
and  (3)  the  phenomena  attending  entire  or  partial  solution  ;  that  is,  whether 
a  gas  is  evolved,  producing  efervescence,  or  a  solution  is  obtained  withont 
effei-vescence,  or  an  insoluble  constituent  is  separated  out, 

SolvbiXity. — In  teating  the  degree  of  solubility  hydrochloric  acid  is  most 
commonly  used,  tliough  in  the  case  of  sulpiiides,  and  compounds  of  lead 
and  silver,  nitric  acid  is  required.  Less  often  sulphuric  acid,  and  aqua 
rcgia  (nitro-hydrochloric  acid),  are  resorted  to. 

Many  minerals  are  completely  solubls  vyithout  effiervescence :  among  these 
are  some  of  the  oxides,  hematite,  limonite,  goUiite,  etc.,  some  snlpliales, 
many  phosphates  and  areeniates,  etc. 

Solubility  with  eff'ervescence  takes  place  when  the  mineral  loses  a  gaseous 
ingredient,  or  when  one  is  generated  by  the  mntnai  decomposition  of  acid 
and  mineral,  Mostconspicuoushereare  thectir5o7iai«(,  allof  whicli  dissolve 
with  efEervescence,  giving  off  carbonic  acid  (praperly  carbon  di<>;(ide,  COg), 
though  some  of  them  only  when  pulverizea,  or  again,  on  the  addition  of 
heat.  In  applying  this  test  dilute  hydrocliloric  acid  is  employed.  Sul- 
phuretted hydrogen  (H,S)  is  evolved  by  some  sulphides,  when  dipaolved  in 
hydrochloric  acid:  this  is  true  of  sphalerite,  etibnite,  gi-eenock itc,  etc. 
Chlorine  Is  evolved  by  oxides  of  manganese  and  also  chromic  and  vanadi? 
acid  salts,  when  dissolved  in  hydrochloric  acid.  Nitric  peroxide  is  given 
off  by  many  metallic  minerals,  and  also  some  of  the  lower  oxides  (cuprite, 
etc.),  when  treatrd  with  nitric  acid. 
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The  aepe^aticn  of  an  inaolubla  ingredieni  takes  place:  With  many  eili- 
cat«e,  the  eilica  Beparating  BometiiiieB  as  a  fine  powder,  and  again  aa  a  }b11t  ; 
in  the  latter  case  the  miuei-^  is  eaid  to  ffelatinise  (sodalite,  analcite).  Id 
order  to  test  this  point  the  finely  pulverized  silicate  is  digested  with  Btn)ng 
hydrochloric  aiiid,  and  the  solution  afterward  slowly  evaporated  nearly  to 
drjiiesB.  Witli  a.  cuiisiderablo  inimber  of  silicates  the  gelatinization  takes 
place  only  after  ignition  ;  while  others,  which  ordinarily  gelatinize,  am 
rendered  insoluble  liy  ignition. 

With  many  sulphides  a  Beparation  of  sulphur  takes  place  when  tliey  are 
treated  with  nitric  acid.  Compounds  of  titanic  and  tungstic  acids  are 
decomposed  by  hydrochloric  acid  with  the  separation  of  the  oxides  named. 
The  same  is  trim  of  salts  of  molybdic  and  vanadic  acidB,  only  tliat  here  the 
oxides  are  soluble  in  an  excess  of  tlie  acid. 

Compounds  containing  silver,  lead,  and  mercury  give  with  hjdrochlorio 
acid  insoluble  residues  of  the  chlorides.  These  componnds  are,  however, 
soluble  in  nitric  acid. 

When  c/tmpounds  containing  tin  are  treated  with  nitric  acid,  the  etannie 
oxide  separates  as  a  white  powder.  A  corresponding  reaction  takes  place 
under  similar  circumstances  with  minerals  containing  arsenic  and  antimony. 

Jiiaolufjlti  mhierals. — A  large  number  o£  miueralft  are  not  sensibly 
attacked  by  any  of  the  acids.  Among  tliese  may  be  named  the  following 
oxides:  coruumim,  spinel,  chromite,  diaspore,  rntile,  cassiterite,  quartz; 
also  cerargyrite  ;  many  silicates,  titanates,  tantalates,  and  coluinbates ;  also 
the  sulphates  (barite,  celestite,  anglesite);  many  phosphates  (xenotime, 
lazulite,  chitdrenite,  amblygonite),  and  the  borate,  boracite. 


b.  Examination  of  Mineride  hy  means  of  the  Blowpvpe. 

Blowpipe. — The  simplest  form  of  the  blowpipe  is  a  tapering  tube  of 
brass  (f.  413, 1),  with  a  minute  aperture  at  tlie 
extremity.      A    chamber    is    advantageously  *18 

added  (f.  413,  2) at  n,  to leceive  the  condensed        4^^ ■ 

moisture,  and  an  ivorv  mouth-piece  is  often       (f    

very  convenient.  In  the  better  forms  of  the 
instramcnt  (see  f.  413,  3),  the  tip  is  made  of 
solid  platinum  (_/■),  which  admits  of  being 
readily  cleaned  when  necessary.  Operations 
with  the  blowpipe  often  require  an  untnter- 
mitted  heat  for  a  considerable  lengtli  of  time, 
and  always  longer  than  a  single  breath  of  the 
operator.  It  is  therefore  requisite  that  breath- 
ing and  blowing  should  go  on  together.  This 
may  be  difficult  at  first,  but  the  necessary  skill 
or  tact  is  soon  acquired. 

Blowpipe-flaine. — The  best  and  most  con- 
venient source  of  heat  for  blowpipe  purposes 
1b  ordinary  illuminating  gas.  The  burner  is  a 
simple  tube,  flattened  at  the  top,  and  cut  off  a 
little  obliquely ;  it  thus  funiishes  a  flaine  of  convenient  shape.     A  eimiliu 
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jet  may  also  be  used  in  conjnnction  with  the  ordinary  Btineen  bnnier,  it 
being  so  made  as  to  slip  down  witJiin  the  outer  tube,  and  cut  off  the  supply 
of  air,  thus  giving  a  luminous  flame.  Tiio  gae  flame  requii-cd  need  nut  be 
more  than  an  inuli  and  a  half  in  height.  In  place  of  the  gas.  a  lamp  fed 
■with  olive  oil  will  answer,  or  even  a  good  caudle. 

The  jet  of  tlie  blowpipe  ia  brought  close  to  the  gas  flame  on  the  higher 
side  of  the  obliquely  terminated  busier.  The  arm  of  the  blowpipe  is 
inclined  a  little  downward,  and  the  blast  of  air  produces  an  oblique  conical 
flame  of  intense  beat.  This  blowpipe  flame  cfinsists  of  two  cones :  an  inner 
of  a  blue  color,  and  an  outer  cone  which  jr  yellow.  The  heat  is  most 
intense  just  beyond  the  extremity  of  the  bitie  flame,  and  the  mineral  is  held 
at  this  point  when  iK&fasibUUy  is  to  be  tested. 

The  inner  flame  is  called  the  BEDaoiNQ  flame  (K.F.) ;  it  is  characterized 
by  the  excess  of  the  carbon  or  hydrocarbons  of  the  gas,  which  at  the  high 
temijerature  present  tend  to  combine  with  the  oxygen  of  the  mineral 
brought  into  it,  or  in  other  words,  to  reduce  it.  The  oest  reducing  flame 
is  produced  when  tlie  blowpipe  is  held  a  little  distance  from  tlie gas  flame ; 
it  should  i-etaiu  the  yellow  color  of  the  latter. 

The  outer  cone  is  called  tlie  oxidizino  flame  (O.F.)  ;  it  is  characterized 
by  the  excess  of  tha  oxygen  of  the  air  over  the  carbon  of  the  gas  to  be  com- 
bined with  it,  and  has  hence  an  oxidising  effect  upon  the  assay.  This 
flame  is  best  produced  wlieu  the  jet  of  the  blowpipe  is  inserted  a  very  little 
in  the  gas  flame ;  it  sliould  be  entirely  non-lurainous. 

Supports. — Of  other  apparatus  requii-ed,  the  most  esaential  articles  are 
those  wliich  serve  to  supixirt  tlie  mineral  in  the  flame ;  these  supports  are : 
(1)  ciiarcoal,  (2)  platinum  forceps,  (3)  platinum  wire,  and  (4)  glass  tubes. 

(1)  Charcoal  is  especially  useful  as  a  support  in  the  case  of  tlie  examina- 
tion of  metallic  minerals,  where  a  reduction  is  desired.  It  must  not  cmck 
when  heated,  and  should  not  yield  any  considerable  amount  of  ash  on  com- 
bustion ;  that  made  from  soft  wood  (pine  or  willow)  is  the  beet.  Pieces  of 
convenient  size  for  holdina;  in  the  hand  are  employed  ;  thoy  should  have  a 
smooth  surface,  and  a  small  cavity  should  be  in  it  made  for  the  mineral. 

(2)  A  convenient  kind  of  platinum  fomeps  is  represented  in  f .  414 ;  it 
is  made  of  steel  with  plaUnaiu  points.     These  open  by  means  of  the  piss 
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^ ;  other  forms  open  by  the  spring  of  the  wire  in  the  handle.  Caro  must 
be  taken  not  to  heat  any  substance  {^.g.,  metallic)  in  the  forceps,  which  when 
fused  might  injure  the  platinum. 

(3t  Platinum  wire  is  employed  with  the  use  of  fluxes,  as  described  in 
inotner  place. 

(4)  The  (floss  tvhes  required  are  of  two  kinds :  dosed  tubes,  having  only 
one  open  end,  about  four  inches  lone;  and  open  tubes,  having  both  enda 
open,  four  to  six  inches  in  length.  Biath  kinds  can  be  easily  made  by  the 
student  from  ordinary  tubing  (heat  of  rather  hard  glass),  having  a  bore  of 
1  to  i  of  an  iach. 
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In  th«  way  oE  addition&l  apparatus,  the  following  articles  are  iiBef  ill ;  the; 
need  no  special  description :  hammer,  small  anvil,  three-cornered  file,  mag- 
net, pliers,  po<:;ket-leiia,  and  a  small  mortar,  as  also  a  few  of  the  test-tiibea. 
etc.,  used  in  the  laburatory. 

Chemiial  reagents. — The  commonest  ret^nts  employed  are  the  fiuatea, 
riz.,  Boda  (sodium  carbonate);  salt  of  pliosphorns  (sodium-ammonium 
phosphate) ;  and  borax  (sodhim  biborate).  The  method  of  using  tliem  ii 
spoken  <if  on  p.  208. 

Nitrate  of  cobalt  in  solution  is  also  employed.  It  is  conveniently  kept 
in  a  small  bulb  fi'om  which  a  drop  or  two  may  bo  obtained  as  it  is  needed. 
This  is  used  principally  as  a  testfor-aluminum  or  magnesium  with  infusible 
minerals,  as  remarked  beyond.  The  fragment  of  the  mineral  held  in  the 
forcepd  is  first  ignited  in  the  blowpipe  flame,  a  drop  of  the  cobalt  solution 
ift  placed  on  it,  and  then  it  is  heated  again  ;  the  presence  of  citlier  constitu- 
ent named  is  manifested  by  the  color  assumed  by  the  ignited  mineral.  It 
is  also  used  as  a  test  for  zmc.  Potassium  bisnlphate  and  calcium  fiuorlJe 
(fluorite)  in  powder,  metallic  magnesium  (foil  or  wire),  and  tin  foil,  mu 
otbei  reagents,  the  use  of  which  is  explained  later.  Test-papers  are  also 
needed,  viz.,  bine  litmus  paper,  and  turmeric  paper. 

The  u'ct  reagents  required  are:  the  ordinary  acids,  and  most  important 
of  those  hydrochloric  acid,  generally  diluted  one-half  for  use,  and  also 
barium  chloride,  silver  nitrate,  ammonium  molybdate. 

The  blowpii)e  investigation  of  minerals  includes  their  examination,  (1)  in 
the  platinum- pointed  forcem,  (2)  in  the  closed  tube,  (3)  in  the  open  tube, 
(4)  on  charcoal,  and  (5)  with  the  fluxes, 

{!)  Ecamiiiailon  in  the  forceps. — ^The  most  important  use  of  the  plati- 
num-pointed forceps  is  to  hold  tlie  fragment  of  the  mineral  while  its  fusi- 
bility is  tested. 

The  (ollowing'  praotical  points  mTiBt;  be  regarded :  (1)  Matallio  minerala.  which  when  (naed 
may  injare  the  platiaum,  should  1w  eiamiiied  on  charcoal ;  (S)  the  bagnieDt  talceii  sboiild  ba 
Uiiik,  and  as  small  aa  can  oonvenientl;  be  held;  (3)  whim  decrepitation  tokea  place.  'Caa  heal 
most  be  applied  slowly,  or,  if  this  does  not  prevent  it,  tlie  mineral  may  be  powdered  and  u 
paste  made  with  water,  thick  enoagh  to  be  held  in  the  forceps  or  on  the  platlnam  wire ;  or 
the  paste  may,  with  the  same  end  in  view,  be  heated  on  chaiooal ;  (4)  the  fragment  whooa 
fnaibiiity  is  to  be  tested  mnst  be  held  in  the  hottest  part  at  the  flame,  jnitt  beyojid  tbt 
azbemity  of  the  bluu  cone. 

In  connection  with  the  trial  of  fusibility,  the  following  phenomena  may 
be  observed  :  (a)  a  coloration  of  the  flame ;  (5)  a  swelling  up  (stilbite),  or 
an  exfoliation  of  the  minei'al  (vermiculite) ;  or  (c)  a  glowing  without  fusion 
fcalcite) ;  and  {d')  an  intumescence,  or  a  spirting  out  of  the  mass  as  it  fuses 
(scapolite).  The  color  of  the  mineral  after  ignition  is  to  be  noted  ;  and  the 
natui-e  of  the  fused  mass  is  also  to  be  obser\ed,  whether  a  clear  or  blebby 
glass  is  obtained,  or  a  black  slag,  or  whether  magnetic  or  not,  etc. 

The  ignited  fi-agment,  if  nearly  or  quite  intnsible.  may  be  moistened 
with  the  cubalt  solution  and  again  ignited  (see  above) ;  also,  if  not  too 
fusible,  it  may,  after  treatment  in  the  forceps,  be  placed  upon  a  strip  of 
moistened  turmeric  paper,  in  which  case  an  alkaUiie  reaction  showa  tW 
presence  of  the  alkaline  eartiie. 

Fit^ibUity. — All  grades  of  fasibility  exist  among  minoralSf  from  thoM 
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w1iic}i  fuse  in  lai^  ft-agments  in  the  Same  of  the  caudle  (stibuite,  aee 
beluw),  to  t1i06(i  which  fnee  only  on  the  thinnest  edges  in  the  hottest  blow- 
pipe name  (hronzite) ;  and  etill  again  there  ai'e  a  considerable  number 
which  are  entirely  infusible  {e.g.,  corundum). 

The  following  scale  of  fusibility,  proposed  by  von  Kobell,  is  made  nse 
of;  1,  stibnite  ;  2,  natrolitej  3,  almandine  garnet;  4,  actinolite ;  5,  ortho- 
ulasc ;  6,  broiizite. 

A  little  practice  with  these  minerals  will  show  the  student  wliat  degree 
of  fusibility  is  expressed  by  each  number,  and  render  him  quite  independent 
of  the  table;  he  will  thus  be  able  also  to  jndge  of  his  power  to  produce  a 
hot  flame  by  the  blowpipe,  which  requifes  practice. 

Fla^ine  coloration. — Wlieu  coloration  is  produced  it  is  seen  on  the  exterior 
portion  of  the  flame,  and  is  best  observed  when  shielded  from  the  direct  light. 

The  preseuM  of  soda,  even  in  amall  qnantitiea,  piodnoei  b  jelloir  fluno,  which  (except  in 
the  apeatTOBOope)  more  or  1ms  oamplet^  maBka  the  ooloration  of  the  flame  dae  to  othsr  eab- 
Etonoee ;  phoephatea  &□<!  borates  give  the  green  flame  in  genenJ  beet  irhen  thej  have  been 
pDWerized  and  moiatened  with  inLphurio  amd ;  moisteniDg  with  hydioohlorio  aoid  makea  th* 
ooloration  iu  maD7  oaEea  (barium,  atrontiom)  more  distinct. 

The  colors  which  may  be  produced,  and  the  subetances  to  whose  presence 
they  are  due,  are  as  follows:  (1)  yellow,  «<«/i«wi/  (2)  vio]et,  potasaiutit / 

(3)  pni-ple-red,  lithium;  red,  strontium;   yellowish-red,  ocUciuni,  (lime); 

(4)  yellowish-gi-oen,  barium,  molybdenum;  emerald -green,  copp^ ;  bluish- 
green, ^AospAtJ/iw  (phosphates) ;  yellowish-green,  SoroM  (boi-ates) ;  (5)  blue, 
aznre-blne,  (Wjjper  c/Uoride;  light-lilne,  araentt!  /  greeniah-bliie,  oniwTiofiy. 

(2)  Hiating  in  the  dosed  tube. — The  closed  tube  is  employed  to  show 
the  effect  of  heating  the  mineral  out  of  contact  ^vith  the  air.  A  small  frag- 
ment is  taken,  or  sometimes  the  powdei-ed  mineral  is  inserted,  though  in 
this  case  with  care  not  to  soil  the  sides  of  the  tube.  The  phenomena  which 
may  be  observed  are  as  follows  :  deerepitation,  as  shown  by  fliiorite,  calcite, 
etc, ;  glowing,  as  exhibited  by  gadolinite ;  phofmhorescence,  of  which  fluorite 
is  an  example;  change  of  color  Q.\momtQ),  and  liere  the  color  of  the  mineral 
should  be  noted  botli  when  hot,  and  again  after  cooling ;  fusion  ;  giving  off 
oarji^en,  as  mercuric  oxide ;  yielding  wo^er  at  a  low  or  high  temperature, 
which  is  true  of  all  hydrous  minerals;  yielding  amti  or  alkaline  vaport, 
which  should  be  tested  by  inserting  a  strip  of  moistened  litmus  or  turmeric 
paper  in  the  tube ;  yielding  a  sublimate,  which  condenses  in  the  cold  part 
of  the  lube. 

Of  the  Huhlimatea  which  form  in  the  tube,  the  following  are  those  with 
which  it  is  most  important  to  be  familiar:  Sublimate  vellow,  «i/^«r ; 
dark  brown-red  when  hot,  and  red  or  red  dish -yellow  when  cold,  arserMs 
eulphitle;  brilliant  black,  arsenic  (a!ao  giving  off  a  garlic  odor);  black 
wlien  hot,  bmwn-red  when  cold,  formed  near  the  minei-al  by  strong  beating, 
antimony  oxystiiphide ;  dark-red,  seletiiwm  (also  giving  the  odor  of  decay- 
ing horseradieh) ;  sublimate  consisting  ol' small  di-ops  with  metallic  luatru, 
tmufium  ;  sublimate  gray,  made  up  or  minute  metallic  globules,  mercury; 
Bubimiate  black,  lustreless,  red  when  rubbed,  mercury  sulphide, 

(3)  Heating  in  tlie  open  tube, — The  small  fragment  is  placed  in  the  tube 
Rbout  an  inch  from  the  lower  end,  the  tube  being  inclined  EufHciently  to 
prevent  the  miuei-al  from  slipping  out     The  current  of  air,  passing  through 

n  .J  ii/j'- ■;■-  V-  it.n.i>,;n^ 
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the  tube  daring  the  heatdng  proceBs,  has  an  oxidizing  effect  Tlie  special 
phenomena  to  be  observed  are  the  formation  of  a  suoUmate  and  the  odor 
of  the  escaping  gaaee.  The  acid  or  alkaline  character  of  tlie  vapors  are 
tested  in  the  same  way  as  with  tlie  closed  tube.  Fluorides,  when  heated  in 
the  open  tube  with  previously  fused  salt  of  phosphorus,  yield  hydrofluoric 
acid,  which  gives  an  acid  reaction  with  test-paper,  has  a  peculiar  pungent 
odor,  and  corrodes  the  glass. 

Tl>e  mthUmatea  whicn  may  be  formed,  as  far  as  they  differ  from  those 
already  lueutionod,  as  obtained  in  tho  closed  tube,  ai-e  as  follows:  Subll- 
mate,  white  and  crystalline,  volatile,  araenouB  oxide  ;  white,  near  the  min- 
eral crystalline,  fusible  to  minnte  drops,  yellowish  when  hot,  nearly  color 
less  when  cold,  molybdio  osnde ;  Bui)limate  white,  yielding  dense  white 
fumes,  at  first  mostly  volatile,  forming  on  the  npper  side  ot  the  tube,  and 
afterwai-d  generally  non-volatile  on  the  under  side  of  the  tube,  antimonoua 
and  aihtimonio  oxides;  sublimate  dark  bi-own  when  hot,  lemon-yellow 
when  cold,  fusible,  bismuth  oxide;  sublimate  gray,  fusible  to  colorless 
.  drops,  teliuroua  oxide ;  sublimate  steel-gray,  the  upper  edge  appearing  red, 
teUhiamj  sublimate  bright  metallic,  meroury. 

The  oaora  which  may  be  perceived  are  the  same  as  those  mentioned  in 
the  following  article. 

(4)  Heating  alone  on  oftarooal. — The  substance  to  be  examined  is  placed 
in  a  shallow  cavity ;  it  may  simply  be  a  small  fn^ment,  or,  where  the 
mineral  decrepitates,  it  may  be  powdered,  mixed  with  water,  and  thns  the 
material  employed  as  a  paste.     Tlie  points  to  be  noticed  are : 

{a\  The  oidor  given  off  after  short  heating.  In  this  way  the  presence  of 
siilpnur,  ai-senic  (garlic  odor),  and  selenium  (odor  of  decayed  horseradish), 
may  be  recognized. 

[b)  Fusion. — In  the  case  of  the  salts  of  the  alkalies  the  fused  mass  is 
absorbed  into  the  charcoal ;  this  is  also  true,  after  long  heating,  of  the  cai^ 
bonates  and  sulphates  of  barinm  and  strontium. 

(o)  The  infusible  residue. — This  may  (1)  glow  brightly  in  tiie  O.F.,  indi- 
cating the  presence  of  cahsium,  strontium,  magnesium,  zirconium,  zinc,  or 
tin.  (3)  It  may  give  an  alkaline  i-eaction  after  ignition  ;  alkaline  earths. 
(3)  It  may  be  magnetic,  showing  the  presence  of  iron. 

{d)  The  sublimate.- — By  this  means  tbe  presence  of  many  of  the  metals 
may  be  determined.  The  color  of  the  sublimate,  both  near  the  assay  (N), 
and  at  a  distance  (D) ;  as  also  when  hot  and  when  cold  is  to  be  noted. 

Tlie  most  important  of  the  sublimates,  with  the  metals  to  which  they  are 
due,  are  contained  iu  the  following  list;  Sublimate,  steel-gray  (N),  and 
dark  gray  (DV  iu  II.F.  volatile  with  a  bino  flame,  selenium  (also  giving  a 
peculiar  odor) ;  white  (N)  and  red  or  deep  yellow  (D),  in  II.F.  volatile  with 
g]-een  flame,  tellurium ;  white  (N)  and  grayish  (D),  arsenic  (giving  also  a 
peculiar  alliaceous  odor):  white  (N)  and  bluish  (D),a»(»w*OMy (also giving 
off  dense  white  fumes).  Beddieh-brown,  silver  /  dark  orange-yelli  >w  when 
hot,  and  lemon-yellow  when  cold  (N),  also  bluish-white  (D),  bismuth  ;  dark 
leniou-ycllow  when  hot,  sulphur-yellow  when  cold,  lead;  red-brown  (N) 
»ud  orange-yellow  (D),  cadmium;  yellow  when  hot,  white  on  cooling, szVic 
(the  sublimate  becomes  green  if  moistened  with  cobalt  solution  and  again 
ignited);  faint  yellow  when  hot,  white  on  cooling,  tin  (the  sublimate 
t>ecomee>  bluish-green  when  ignited  after  being  moistened  with  the  cobalt 
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uolr.Hon,  in  the  RF.  it  iB  reduced  to  Tnetallic  tin) ;  yellow,  Bometimet  erj« 
talline  when  hot,  white  when  cold  (N),  bluish  (D),  moli/hdenum  (i;j  O.F. 
the  sublimate  volatilizes,  leaving  a  permanent  stain  of  the  oxide,  in  I1.F. 
gives  an  azui'e  blue  color  when  touched  foi-  a  moment  with  the  flame). 

(5)  Treatment  with  the  fiuxes. — The  three  fluxes  have  been  mentioned 
on  p.  205.  They  are  need  eitlier  on  charcoal  or  witli  tlie  platinnm  wire. 
If  tlie  latter  is  employed  it  must  have  a  small  loop  at  the  end  ;  this  is  heated 
to  redness  and  dipped  into  the  powdered  flux,  and  the  adhering  particles 
fused  to  a  bead  ;  this  operation  is  repeated  until  the  loop  is  fllled.  Some- 
times in  the  use  of  soda  the  wire  may  at  fii-st  be  moistened  a  little  to  cause 
it  to  adhere.  When  the  bead  is  readv  it  is,  while  hot,  bi-ought  in  contact 
with  the  powdered  mineral,  some  of  which  will  adhere  to  it,  and  then  the 
heating  process  may  be  continued.  Very  little  of  the  mineral  is  in  general 
required,  and  the  experiment  should  be  commenced  with  a  minute  quantity 
and  moi'O  added  if  necessary.  The  bead  must  be  heated  successively  in 
the  reducing  and  oxidizing  flames,  and  in  each  case  the  color  noted  when 
hot  and  when  cold.  The  phenomena  connected  with  fusion,  if  it  takes 
place,  must  also  be  observed. 

Hiaerala  cODtaining  anlphuT  oi  acBsnia,  or  both,  mnat  bo  first  roasted,  that  is,  heated  on 
ohitrcoal,  first  in  the  oxidizing  and  then  id  tbe  reducio);  fliime,  till  tbe.se  HubBtances  have  been 
Tolatiliied.  If  too  much  of  the  miaeraJ  bos  been  added  and  the  bead  is  hejice  too  opaque  to 
ihow  the  color,  it  may,  while  hot,  be  flattened  out  with  the  hammer,  oi  drawn  ont  into  m 
wire,  or  port  of  it  maj  be  removed  and  the  lemainder  diluted  witji  more  of  the  flux. 

BoBAX. — The  following  list  ennmerates  the  different  colored  beada 
obtained  with  borax,  and  also  the  metab  to  the  presence  of  whose  cxidea 
the  colors  are  due ; 

Colci'leaa ;  silica,  ahuninum,  the  alkaline  earths,  etc.  (lioth  O.F.  and 
RF.) ;  alsd  silver,  zinc,  cadmium,  lead,  bismnth,  and  nickel,  O.F.,  and  also 
RF.,  after  long  heating,  but  when  first  heated,  gray  or  turbid ;  RF.,  man- 
ganese. 

TeUow ;  in  O.F.,  titanium,  tungsten,  and  molybdenum,  also  zinc  and 
cadmium,  when  strongly  saturated  and  hot;  vanadium  (greenish  when 
hot) ;  ii'on,  uranium,  and  cbi-omium,  when  feebly  saturated. 

lied  to  brown, ;  in  O.F.,  iron,  hot  (on  cooling,  yellow) ;  O.F.,  chromium, 
fact  (jellowish-green  when  cold);  O.F.,  uranium,  hot  (jellow  when  cold); 
nickel,  manganese,  cold  (violet  when  hot). 

Red;  RF.,  copper,  if  highly  saturated,  cold  (colorless  when  hot). 

VioUt ;  O.F.,  nickel,  hot  (red-brown  to  brown  on  cooling) ;  O.F.,  man- 


Blue;  O.F.  and  E.F.,  cobalt,  botli  hot  and  cold;  O.F.,  copper,  cold 
(when  hot,  green). 

Green;  O.F.,  copper,  hot  (blue  or  greenish-bine  on  cooling),  RF.,  bottle- 
green  ;  O.F.,  chrominm,  cold  (yellow  to  red  when  hot),  RF.,  emerald-green; 
O.F.,  vanadium,  cold  (j-ellow  when  hotV  R.F.,  chrome-green,  cold  (brown- 
ish when  hot)  ;  H.F.,  ui-aniura,  yellowisn-gi'een  (when  highly  saturated). 

Salt  of  PnosPHOttos. — This  flux  gives  tor  the  most  part  reactions  similar 
to  those  obtained  with  borax.  The  oidy  cases  enumerated  hera  are  those 
wliieli  are  distinct,  and  hence  those  where  the  flux  is  a  good  test. 

With  silicatsa  this  flux  forms  a  glaas  in  which  the  Dseee  of  the  Biliuati 
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are  dissolved,  bat  the  silica  itself  is  left  insoluble.    It  appears  as  a  ekoleton 
readily  seen  floating  about  in  the  melted  bead. 

The  colors  of  the  beads  and  the  metals  to  whose  oxides  these  are  due,  are: 

£lue  ;  R.F.,  tungsten,  cold  (brownish  when  hot) ;  K.F.,  columbium,  cold 
and  when  highly  saturated  (dirty-blue  when  hot).  Both  these  give  colorl(»a 
beade  in  the  O.F. 

Green;  R.F.,  nraniiim,  cold  (yellowish-green  when  hot);  O.F.,  molyb- 
denum, pale  on  cooling,  also  R.F.,  dirty-green  when  hot,  green  when  cold. 

Violet ;  R.F.,  columbium  (see  above) ;  E.F.,  titaninm  cold  (j'ellow  when 
hort. 

Soda  is  especially  valuable  as  a  Qax  in  the  case  of  the  reduction  of  the 
metallic  oxides  ;  this  is  usually  performed  on  charcoal.  The  finely  pulver- 
ized mineral  is  intimately  mixed  with  soda,  and  a  drop  of  water  added  to 
form  a  paste.  This  is  placed  in  a  cavity  in  the  cliarcoal,  and  subjected  to 
a  strong  reducing  flame.  More  soda  is  added  as  thfit  present  sinks  into  the 
coal,  and,  after  tiie  process  has  been  continued  some  time,  the  remainder 
of  the  fiux,  the  assay,  and  the  surrounding  coal  are  cut  out  with  a  knife, 
and  the  whole  ground  up  in  a  mortar,  with  the  addition  of  a  little  water. 
The  charcoal  is  carefully  washed  away  and  the  metallic  globules,  flattened 
out  by  the  process,  remain  behind.  Some  metallic  oxides  are  very  readily 
reduced,  as  lead,  while  others,  as  copper  and  tin,  require  considerable  skill 
and  care. 

The  metals  obtained  may  be:  iron,  nickel,  or  cobalt,  recognized  by  their 
being  attracted  by  the  magnet ;  or  copper,  marked  by  its  red  color ;  bis- 
muth and  antimony,  which  are  brittle  ;  gold  or  silver ;  antimony,  tellnriuui, 
bismuth,  lead,  zinc,  cadmium,  which  volatilize  more  or  less  completely  and 
may  be  recognized  by  their  sublimates  (see  p.  207) ;  arsenic  and  mercury 
are  also  reduced,  hut  must  be  heated  with  soda  in  the  closed  tube  in  order 
to  collect  the  sublimates.  The  metals  obtained  may  bo  also  tested  with 
borax  on  the  platinum  wire. 

By  means  of  soda  on  charcoal  the  presence  of  sulphur  in  the  sulphates 
may  be  shown,  though  they  do  not  yield  it  upon  simple  heating.  When 
soda  is  fused  on  charcoal  with  a  compound  of  sulphur  (sulphide  or  sulphate), 
sodium  sulphide  is  formed,  and  if  much  sulphur  is  present  the  mass  will 
have  tlie  hepar  (liver-brown)  color.  In  any  cHse  the  presence  of  the  sulphut 
is  shown  by  placing  the  fused  mass  on  a  clean  surface  of  sih-er,  and  adding 
a  drop  of  water;  a  black  or  j'ellow  stain  of  sih-er  sulphide  will  be  foi'med. 
Illaminatiiig  gas  often  contains  sulphur,  and  hence,  when  it  is  used,  the 
soda  sbonla  be  first  tried  alone  on  charcoal,  and  if  a  sulphur  reaction  is 
obtained  (due  to  the  gas),  a  candle  or  lamp  must  be  employed  in  the  place 
of  tHiegae. 

It  is  also  useful  in  the  case  of  many  minerals  to  test  their  fusibility  or 
infnsibitity  with  soda,  generally  on  the  platinum  wire.  Silica  forms  if  not 
in  excess  a  clear  glass  with  soda,  so  also  titanic  acid.  Salts  of  barium  and 
Btrontinm  are  fusible  with  soda,  but  the  mass  is  absorbed  by  the  coal. 
Hany  silicates,  though  alone  diffieultly  fusible,  dissolve  in  a  little  soda  to  a 
clear  glaee,  bnt  with  more  soda  they  form  an  infusible  mass.  Afangaiieeo, 
when  present  even  iu  minute  quantities,  gives  a  blnlBh-green  color  to  the 
■oda  bead. 

.14  .  . 
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The  fi)llow^n?  list  contaiDS  the  most  characteristic  reactions,  both  before 
the  blowpipe  (6.B.^  and  in  some  cases  ia  the  wet  wa;,  of  the  dtfierent  ele- 
ments and  their  oxides.  It  is  desirable  for  eveiy  student  to  be  familiar 
witli  them.  Many  of  them  have  ah-eady  been  briefly  mentioned  in  the 
preceding  pages.  It  is  to  be  remembered  that  while  tlie  reaction  of  a 
single  substance  may  be  perfectly  distinct  if  alone,  the  presence  of  other 
substances  may  more  or  less  entirely  obscure  these  reactions ;  it  is  conse- 
quently obvioQS  that  in  the  actual  examination  of  minerals  pi'ecaiitions  have 
to  be  taken,  and  special  methods  have  to  be  devised,  to  overcome  the  difli- 
eulty  arising  from  this  canse.  These  will  be  gathered  from  the  pyrognostic 
characters  given  (by  Fiof.  Brush)  ia  coonection  with  the  description  of 
each  species  in  the  Third  Port  of  this  work. 

For  many  substances  the  most  aatisfactory  and  delicate  tests  are  those 
which  have  been  given  by  Bunsen  in  hia  important  paper  on  Flame-reac- 
tions (Flammen  react  ion  en,  Ann.  Ch.  Fharm.,  cxxxviii.,  257,  or  Phil.  Mag., 
IV.,  zxxii.,  81).  The  methods,  however,  require  for  the  tnost  part  much 
detailed  explanation,  and  in  this  place  it  is  only  possible  to  make  this  geu- 
cral  reference  to  tlie  subject. 

Alumina.  B.B. ;  the  presence  of  alamina  in  most  infusible  minerals, 
containing  a  considerable  amount,  may  be  detected  by  the  bine  color  which 
Uiey  assunio  when,  after  being  heated,  they  are  moistened  with  cobalt  solu- 
tion and  again  ignited.  Very  hard  minerals  {e.g.,  corundum)  must  be  first 
finely  pulverizeo. 

Antimoni/.  B.B. ;  antimonial  minerals  on  charcoal  give  dense  white 
inodorous  fumes.  Antimony  sulphide  gives  in  a  strong  heat  in  the  closed 
tube  a  sublimate,  black  when  hot,  brown-red  when  cold.     See  also  p.  -307. 

In  nitric  acid  componnde  containing  antimony  deposit  white  antimonic 
oxide  (SbjOA 

Ars&nic.  B.B. ;  arsenical  minerals  give  ofE  fumes,  usually  easily  recc^ 
nized  by  tiieir  peculiar  garlic  odor.  In  the  open  tube  they  give  a  white, 
volatile,  crystalline  sublimate  of  arsenions  oxide.  In  the  closed  tube  arsenic 
sulphide  gives  a  sublimate  dark  brown-red  when  hot,  and  red  or  reddish- 
yellow  when  cold.  The  presence  of  arsenic  in  minerals  is  often  proved  by 
testing  them  in  the  closed  tube  with  sodium  carbonate  and  potassium  cyan- 
ide. Stroug  Iieating  produces  a  sublimate  of  metallic  arsenic,  proper  pre- 
cautions beingobserved. 

£arj/ta.  BTB. ;  a  yellowish-green  coloration  of  the  flame  is  given  by  all 
twyta  salts,  except  the  silicates. 

Ill  solution  the  presence  of  barinm  is  proved  by  the  heavy  white  precipi- 
tate formed  upon  the  addition  of  dilute  snlphuiic  acid. 

Mismtith.  B.B. ;  on  charcoal  alone,  or  with  soda,  bismnth  gives  a  verv 
characteristic  orange-yellow  sublimate  (p.  207).  Also  wheu  treated  wim 
eqaid  parts  of  potassium  iodide  and  sulphur,  and  fused  on  charcoal,  a  beanti- 
fm  red  sublimate  of  bismuth  iodide  is  obtained. 

Soracio  aaid.  SoratM.  B.B. ;  many  componnd''  tinge  the  flame  intetin 
yellowish-green,  especially  if  moistened  with  «i'f>himc  acid.    For  e'" 
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tbe  beet  method  is  to  mix  the  powdered  mmeral  with  one  pftrt  powdered 
fliionte  and  two  ]>artB  potaBsinin  bisnlphate.  The  mixture  is  inoietened 
and  placed  on  platinum  wire.  At  the  moment  of  fusion  tlie  green  color 
appeal's,  but  lasts  but  a  moment  (ex.  toDrmaline). 

Ileated  in  a  dibh  with  eulphiiriu  auid,  and  alcohol  being  added  and 
ignited,  the  flames  of  the  latter  will  be  distinctl;  tineed  gi'een. 

Cadmium.  li.B. ;  on  charcoal  uadminin  gives  a  cliaracteristic  subliinsle 
of  the  reddiali-brown  oxide  (p.  207) 

Varhonaies.  Effervesce  with  dilute  hydrochloric  acid;  many  require  to 
be  pulverized,  and  some  need  the  addition  of  lieat. 

Okloridea.  ]i.Q. ;  if  a  small  portion  of  a  chloride  is  added  to  the  bead  of 
salt  of  phosphorns,  saturated  with  copper  oxide,  the  bead  is  instantly  snr- 
rounded  with  an  intense  purplish  flame. 

In  Bolntion  they  give  with  silver  nitrate  a  white  curdy  precipitate,  which 
d^kens  in  color  on  exposure  to  tlie  light ;  it  is  insoluble  in  nitric  acid,  but 
entirely  so  in  ammonia. 

Ghromhim.  B.B. ;  chromiam  gives  with  borax  and  salt  of  phoephoruB  an 
emerald-gi-een  bead  (p.  208). 

Cobalt.  B,B. ;  a  beautiful  blue  bead  ie  obtained  with  borax  in  both 
fiamea  from  minerals  containing  cobalt.  Where  sulphur  or  arsenic  is  present 
it  should  fli-st  be  roasted  off  on  charcoal. 

Copper.  B.B. ;  on  charcoal  the  metallic  copper  can  be  reduced  from 
most  of  its  compounds.  With  borax  it  gives  a  green  bead  in  the  oxidizing 
flame,  and  in  the  reducing  an  opaque  red  bead  y^.  208).  . 

Host  metallic  compounds  are  soluble  in  nitric  acid.  Ammonia  produces 
a  green  precipitate  in  the  solution,  which  is  dissolved  when  an  excess  is 
umed,  the  solution  taking  an  intense  blue  color. 

fluorine.  B.B. ;  heated  in  the  closed  tube  fluorides  give  off  fumes  of 
hydrofluoric  acid,  wJiich  react  acid  with  test-paper  and  etch  the  glass, 
tkimetimes  potaesinm  bisnlphate  must  be  added  (see  also  p.  207). 

Heated  gently  in  a  platinum  crucible  with  sulphuric  acid,  most  com- 
ponndsgive  off  hydroniioric  acid,  which  corrodes  a  glass  plate  placed 
over  it. 

Iron.  B.B. ;  with  borax  iron  gives  a  bead  (O.F.)  which  is  yellow  while 
hot,  but  is  c<'>lorle8s  on  cooling ;  R.F.,  becomes  bottle-green  (see  p.  208). 
On  charcoal  with  soda  gives  a  magnetic  powder.  Minerals  which  contain 
even  a  small  amount  of  iron  yield  a  magnetic  mass  when  heated  in  the 
rednciug  flame. 

Z^tul.  B.B. ;  with  soda  on  charcoal  a  malleable  globule  of  metallic  lead 
ie  obtained  from  lead  oomponnds ;  the  coating  has  a  yellow  coloi'  near  the 
assay  and  farther  off  a  white  color  (carbonate) ;  on  beiug  touched  with  the 
reducing  flame  both  of  these  disappear,  tinging  the  flame  azure  blue. 

In  solutions  dilute  sulphuric  acid  gives  a  white  precipitate  of  lead  eul- 
phale ;  whendelicacy  is  required  an  exceee  of  the  acid  is  added,  the  solution 
evaporated  to  dryness,  and  water  added,  the  lead  sulphate,  if  present,  will 
then  be  left  as  a  residue. 

Liine.  B.B. ;  it  imparts  a  yellowish-red  color  to  the  flame.  In  the  pres- 
ence of  other  alkaline  earths  theepectroecope  gives  a  sure  means  of  detectiug 
even  when  in  small  quantities.  Many  time  salts  give  an  alkaline  reaction 
with  teet-pftper  after  ignition. 
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Ill  solutions  containing  lime  salts,  even  when  dilnte,  ammoninn)  oxslsta 

tlirowB  down  a  white  precipitate  of  ualciam  oxalate. 

Lithla.  B.B, ;  lithia  gives  an  intenaered  to  th6oatarflanie;iDTreryBniail 
quantities  it  is  evident  in  the  spectroscope. 

Magnesia.  B.B. ;  moistened,  after  heating,  with  cobalt  nitrate  and  again 
ignited,  a  pink  color  is  obtained  from  infiisiblo  minerals. 

Manganese.  B.B. ;  with  boras  manganese  gives  a  bewl  violet-red  (O.P.), 
and  coioi'leaa  (E.F.).  With  soda  (O.F.)  it  gives  a  bhiiRh-green  bead  ;  Una 
reaction  is  very  delicate  and  may  be  relied  upon,  even  in  presence  of  almost 
any  other  metal. 

Mercury.  B.B. ;  in  the  closed  tube  a  snblimate  of  metallic  mercury  ia 
yielded  when  the  mineral  is  heated  with  suda,  Mercu'ic  sulphide  gives  a 
black  lustreless  sublimate  in  the  tube,  red  when  rubbed  (p  207). 

Molybdenum.  B.B. ;  on  charcoal  molybdenum  gives  a  copper-i-ed  sttiin 
(O.F.)  which  becomes  azure-blue  when  for  a  moment  touched  with  tlie  II.F. 
(p.  208). 

Nickel.  B.B, ;  with  borax  nickel  oxide  gives  a  bead  which  (O.F.)  is  violet 
when  hot  and  red-hi-own  on  cooling;  (R.F.)  the  glass  becomes  gray  and 
turbid  from  the  separation  of  metallic  nickel,  and  on  long  blowing  colorless. 

Kitrates.  Detonate  when  heated  on  charcoal.  Heated  in  a  tube  with 
Bulplmrie  acid  give  ofE  red  fumes  of  nitric  peroxide. 

Phosphates.  \i^.\  moat  phosphates  impart-  a  green  color  to  the  flame, 
especiaUy  after  having  been  moistened  with  sulphuric  acid,  though  this  test 
may  be  rendered  unsatisfactory  by  the  presence  of  other  coloring  agents. 
If  tlieyare  i-sedin  the  closed  tube  with  a  fragment  of  metallic  magneaiuni  or 
Bodinm,  and  afterward  moistened  with  water,  phosphuretted  hydrogen  ia 
given  off,  recognizable  by  its  disagreeable  odor. 

A.  few  drops  of  a  neutral  or  acid  solution,  containing  phnsphonc  acid, 

{)roduces  in  a  solution  of  ammonium  raolybdate  with  nitric  ac'd  a  pulvern- 
ent  yellow  precipitate. 

Potash.  B.B. ;  j-votash  imparts  a  violet  color  to  the  flame  when  alone. 
It  is  best  detected  in  small  quantities,  or  when  soda  or  lithia  is  present,  by 
the  aid  of  the  spectroscope. 

Selenium.  B.B. ;  on  charcoal  seleninm  fuses  easily,  giving  off  brown 
fumes  with  a  peculiar  disagreeable  organic  odor  (see  also  p.  207). 

Silica.  B.B. ;  a  small  fragment  of  a  silicate  in  the  salt  of  phosphoroa 
bead  leaves  a  skeleton  of  silica,  the  bases  being  dissolved. 

If  a  silicate  in  a  flue  powder  is  fused  with  sodium  carbonate  and  the  mass 
then  dissolved  in  hydrochloric  acid  and  evaporated  to  dryness,  the  silica  is 
made  insoluble,  and  when  strong  hj'di-ochloric  acid  is  added  and  then  water, 
the  bases  are  dissolved  and  the  silica  left  behind. 

Many  silicates,  especially  tliose  which  are  hydrous,  are  decomposed  by 
strong  hydrochloric  acid,  the  silica  separating  as  a  powder  or  as  a  jelly 
(see  p.  203). 

Silver.  B.B. ;  on  charcoal  in  O.F.  silver  gives  a  brown  coating  (i».  207). 
A  globule  of  metallic  silver  may  generally  be  obtained  by  heating  on  char- 
coal in  O.F.,  especially  if  soda  is  added.  Under  some  circumstances  it  ia 
desirable  to  have  recourse  to  cupellation. 

From  a  solution  containing  any  salt  of  silver,  the  insoluble  chloride  ia 
thrown  down  when  hydrochloric  acid  is  added.     This  precipitate  is  iuBolobb 
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bi  acid  or  vater,  but  entirely  bo  in  ammonia.    It  changes  color  on  expoenre 

to  the  light. 

Soiia.  B.B. ;  gives  a  strong  yollow  flame. 

Suljihur,  sulphides,  sulpA^iea.  B.B. ;  in  the  closed  tube  aome  sniphides 
give  off  sulphur,  others sufpburonB  oxide  which  reddens  a  strip  of  moistened 
litmus  paper.  In  small  qnantities,  or  in  sulphates,  it  is  beet  detected  by 
fusion  on  charcoal  with  soda.  The  fused  mass,  when  sodium  sulphide  Iiaa 
time  been  formed,  is  placed  on  a  clean  silver  coin  and  moistened;  a  distinct 
black  stain  on  the  silver  is  tbua  obtained  (the  precaution  mentioned  on 
p.  209  must  be  exercised). 

A  solution  in  hydrochloric  acid  gives  with  barinm  chloride  a  white  in- 
Boluble  pi-ecipitate  of  barium  sulphate. 

Telturium.  B.B. ;  tetlnrides  heated  in  the  open  tube  give  a  white  or 
grayish  sublimate,  fusiblo  to  colorless  drops  (p.  207).  On  charcoal  they 
give  a  white  coating  and  color  the  II.F.  green. 

Tin.  B.B;  minerals  containing  tin,  when  heated  on  charcoal  with  soda 
or  potassium  cyanide,  yield  metallic  tin  in  minute  globules  (see  also  p.  209). 

Titanium.  B.B. ;  titanium  gives  a  violet  color  to  the  salt  of  phosphorus 
bead.  Fnsed  with  sodium  carbonate  and  dissolved  with  hjdrocmoric  acid, 
and  heated  with  a  piece  of  metallic  tin  or  zinc,  the  liquid  takes  a  violet 
color,  espGeially  after  partial  eva[>oration. 

Tungsten..  B.B. ;  tungsten  oxide  gives  a  bine  color  to  the  salt  of  pbos> 
phorus  head  (R.F.).  Fused  and  traated  as  titanic  acid  (see  above)  with  the 
addition  of  zinc  instead  of  tin,  gives  a  line  blue  color. 

Uranium.  S.&.i  salt  of  phoephorua  bead,  in  0,F.,  a  greenish-yellow 
bead  when  cool.     In  E.F.  a  fine  green  on  MKiling  (p.  209). 

Vanadium.  B.B. ;  tlie  characteristic  reactions  of  vanadinm  with  the 
fluxes  are  given  on  p.  203. 

Zinc.  B.B. ;  on  cliarcoal  compounds  of  zinc  give  a  coating  which  is  yel- 
low while  liot  and  white  on  cooling,  and  moistened  by  the  cobalt  solution 
and  again  Jieated  becomes  a  fine  green  (p.  207). 

Zii-uoiiiu.  A  dilute  hydrouliloric  acid  solution,  containing  ztrconia,  im- 
parts an  ocaiiwe-yellow  color  to  turmeric  paper,  moistened  by  the  solution. 

Students  who  desire  to  become  thorouglily  acquainted  with  the  use  of  tlie 
blowpipe  should  pi-ovide  themselves  with  a  thorough  and  systematic  book 
d<!voted  to  the  subject.  The  most  complete  American  book  is  that  by  Pmf. 
Bi-i:i:h  (Manual  of  Determinative  Mineralogy,  with  an  inti-oduction  on  blow- 
pipe analysis.  New  York,  1873).  Other  standard  works  are  those  of  Ber- 
zclins  (The  use  of  the  Bloivpipe  in  Chemistry  and  Mineralogy,  translated  into 
English  by  Pi-of.  J.  D.  AVhitnuy.  1845),  and  Plattner  (Manual  of  Qnalita- 
tive  and  Quantitative  Analysis  with  the  Blowpipe,  translated  by  Prof.  H. 
B.  Cornwall,  1872).  The  work  of  Prof.  Brush  lias  been  freely  used  in  the 
preparation  of  the  preceding  notes  upon  blowpipe  methods  and  reactions. 
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Determinative  Mineralogy  may  be  properly  considered  nnder  the  seneral 
lioad  of  Chemical  Mineralcgy,  since  the  determination  of  minerals  depends 
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mocti;  upon  chemical  tests.  But  crystallc^raphic  and  all  physical  cliaiattton 
li&ve  also  to  be  used. 

TIiGi-e  is  but  one  satisfactory  way  in  wliiuh  the  identity  of  an  nnkiiown 
mineral  may  in  all  cases  be  tixed  beyond  question,  and  tliat  is  by  the  use  of 
a  complete  set  of  determinative  tables.  By  means  of  snch  tables  the  niinem] 
iu  hand  is  referred  BiicceBsively  from  a  general  gi-onp  into  a  moi-e  special 
one,  until  at  last  all  other  species  have  iM^en  elitninated,  and  the  identity 
of  the  one  given  is  beyond  doubt. 

A  careful  preliminary  examination  of  the  unknown  mineral  should,  bow- 
ever,  always  be  made  before  final  recoui-se  is  liad  to  the  tables.  Tliia 
examination  will  often  auSice  to  show  what  the  mineral  in  hand  is,  and  in 
any  case  it  should  not  be  omitted,  since  it  is  only  in  tliia  way  tJiat  a  practi- 
cal familiarity  with  the  appearance  and  eh aractei-s  of  minerals  can  be  gained. 

The  student  will  naturally  take  note  fii-st  of  thnse  charactei's  wliiub  ai-e 
at  once  obvious  t<)  the  senses,  that  is :  the  ooLor,  lustre,  feel,  general  atruG 
ture, fracture,  clamxige,  and  also  crysiaUine  form,  if  distinct;  also,  if  the 
specimen  is  not  too  small,  the  apparent  weiglit  will  suggest  something  as  to 
mespedfio  gravity.  The  alK>ve  cliai-acters  ai-e  of  very  unequal  importance. 
Structure,  if  crystals  are  not  present,  and  fracture  ai'e  generally  unessential 
except  in  distinguishing  varieties;  color  and  lustre  are  essential  with 
metallic,  but  generally  very  nnimportAut  with  unmetallic  minei-als.  Hfreak 
is  of  importanee  <inly  with  colored  minerals  and  those  of  metallic  lustre 
(p.  162).  Crystalline  form  and  cleavage  are  of  the  highest  importance,  but 
usually  requii-e  careful  study. 

The  Hi-st  trial  should  he  the  determination  of  the  hardneaa  (for  which  end 
the  pocket-knife  is  often  sufiicient  in  expeiienced  bauds).  The  second  trial 
should  i)e  the  determination  of  the  specific  gravity.  Treatment  of  the 
powdered  mineral  with  acids  may  come  nextj  by  this  means  (see  p.  202) 
the  presence  of  carbonic  acid  is  aeteeted,  and  also  other  results  obtained 
(p.  203).  Then  should  follow  blowpipe  trials,  to  ascertain  t\\Q  funibililm, 
tlie  c-cfo/' j^iven  to  the  tlaTne,  if  any,  the  chai-acterof  the  euhlitnate ^vea  off 
and  the  reactions  with  line  fluxes  and  other  points  as  explained  in  die  pra 
ceding  pa^^es. 

How  much  the  observer  learns  in  the  above  way,  in  regard  to  the  nature 
of  his  mineral,  depends  upon  hie  knowledge  of  the  chatactci's  of  minerals  in 
general,  and  upon  his  familiarity  with  the  chemical  behavior  of  the  vari- 
ous elementary  substances  (pp.  210  to  kl3)with  reagents,  and  before  tli* 
bl<>wpipe.  If  the  I'esuttB  of  such  a  preliminary  examination  are  sulHciently 
definite  to  suggest  that  the  mineral  in  hand  is  one  of  a  s)nall  number  oJ 
species,  reference  may  be  made  to  their  full  description  in  Part  III.  of  thi^ 
work  for  the  final  decision. 

A  number  of  miaor  table;^  embracing  under  appi-opriate  heads  mineralii 
which  liave  some  striking  physiual  uhamctei's,  are  added  in  the  Appendix. 
They  will  in  many  casesi  aid,  the  observer  in  I'cacliing  a  coucliisiou.  Iu 
addition  to  these  tables,  an  extended  table  is  also  given  fur  tlie  Bjstematiu 
detei'mi nation  of  the  more  important  utiuerals,  tlioee  described  in  full  iti 
the  following  pages. 
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The  following  is  the  s^Btem  of  clasaiGcation  emplojed  iu  the  arran^ment 
of  the  species  in  this  work.  It  is  identical  witli  mat  adopted  in  Daiia'a 
Bystem  of  Mineralogy,  1868,  to  whioh  treatise  reference  may  be  made  for 
the  disciiBfiion  of  the  printtiples  upon  whiclt  it  is  based.  In  general  only 
the  moru  prominent  species  are  ennmerated  under  the  successive  heads. 

The  native  elements  ai-e  grouped  as  follows :    . 

SERIES  I. — The  more  uasio,  or  electro-positive  elements. 

1.  Gold  qeoup.— Gold,  silver  (also   hydrogen,    potasBiura, 

sodium,  etc.). 

2.  Ibon  geoup. — Platinum,  palladium,  mercury,  copper,  iron, 

zinc,  lead  (also  cobalt,  nickel,  chromium,  manganese, 
calcium,  magnesium,  etc.). 
8.  Tm  GEOUP. — Till  (also  titanium,  zirconiam,  etc.). 
SERIES  II.— Elements  generally  electix)-ne(jative. 

1.  Aksienio  oitoDF.— Arsenic,  antimony,  bismuth,  phosphorni, 

vanadium,  etc. 

2.  ScLpHua  oBoup. — Sulphur,  tellurium,  selenium. 

3.  CABBON-siLicoff  GEOUP. — Carbon,  silicon. 
SERIES  in. — Elements  always  negative. 

1.  Chlorine,  bromine,  iodine. 
a.  Fluorine, 
3.  Oxygen. 


CLASSIFICATION  OF  MINERAL  SPECIES. 

I.  KATIVE    ELEMENTS.       ^ 

Gold;  silver.— Platinum;  palladiam;  iridosmiiie,  IrOs,eta;  Tceroniy; 
amalgam,  AgHg,  etc. :  copper ;  iron. — Arseniu ;  antimony ;  bismatlL-— 
Tellurinm ;  sulphur. — Diamond ;  graphite. 
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n.  SULPHIDES,   TELLDRIDES,   SELENIDES,   ARSEN- 
IDES, ANTIMONIDES,  BISMUTHIDES. 

1    IJINAKY  COMPOUNDS.— Sdlphidbb  amd  Tklldkipeb  or  Mxuta 

it»  TUK   SnLPHDB  AMD   AbSENIO   GbOUPS. 

(a)  Meal^ar  group.  CompoeitioD  ES.     Monoclinic.    Kealgar. 

(&)  Orpiment  group.  Oompoaitioti  It)S(.    Orthorhombic  Or^unant; 

stibiiite ;  bismnthinite. 
((j)  Tetradymite  group.  Tetradjmite  Bi,(Te^)t. 
{a)  Molybdenite  group.  CompoeitioB  BSj.    Molybdenite. 

2.  BINARY  COMPOUNDS.— SmjpHiDE8,TELLDEiDK8,HTO.,  OF  Mbtam 
0F  THE  Gold,  Ikon,  asv  Tin  Gbodps. 

A,  BASIC  DIVISION.— Dyscniflite;  domeykite. 

B.  PROTO  DITISIOK.— Compoaition  ES  (or  E,S),  ESe,  RTe. 

(a)  Galenite  group.  iBometric ;    holohedral. — Argeiitite ;  g&leuite ; 
clatistlialite ;  boniite  ;  alabandite. 
I  Blende  grou^.  leometrio;  tetrahedral. — Sphalerite. 
I  Chedcocita  grov^.  Orthorhombic— Clialeocite ;   acanthite  ;   ho*- 
Bite ;  etromeyerite. 
(rf)  PyrrKotite  grouj}.  Hexagonal. — Cinnabar;    millerite;   pyirho- 
tite  (Fe,yg) ;  grecnockite ;  niccolite. 

0.  DEUTO  OB  FYKITE  DIVISION.— Composition  ES^  etcs. 

(a)  Pyrite  group.  laometric. — Pjnte ;   linneeite;   smaltite;  cobal- 

tite ;  geredorffite. — Clialcopyrite. 
(J)  Marcaeite  group.    Ortlioihombic. — Marcasite;     areenopyrite ; 

eylvanite. 
(e)  Nagyagite.     {it)  Covellite. 

3.  TERNAET    COMPOUNDS.— SuLrHAESENirBS,    Sru-nAimMOSiTES, 
StiLFnoBiSM  urniTKS. 

(o)  Geodp  I.    Atomic   ratio,   R  :  A8(Sb) :  8  =  1 :  2  :  4.     Formula 

E(AB,Sb>,S<  =  RS  +(AB^b)jSj.    Miargyrite ;  sartorite ;  2dnk- 

enite. 
(J)  Sub    geodv.    At.  Ratio,  R  :  As(Sb)  :  S  =  3  :  4  :  9.      Formula 

E^Aa,Sb,Bi)«SB  =  3RS  +  2(A8,Sb,Bi)^^     Joi-danite  ;  scliii- 

mei-ite,  etc. 

(c)  Geoup   II,    At.   Ratio,   R  :  (Ab,  Sb)  :  S  =  2  :  2  :  6.      Foimnla 

E,(Sb,AB)jSe  =  2ES  +(Sb,AB>,S^      Janiesonite ;  dufronoyBite. 

(d)  Geocp  III.  At  Ratio,  R  :  (AB,Sb)  :  S  =  3  :  2  :  0.      Formula 

Es(A6,Sl))j8e  =  3RS  +  {A8,Sb)A-      Pyrargyrite,    proustite; 
bournonitc;  boiilangerite. 

n  .J  ii/j'- ■;■-  V-  it.n.i>,;n^ 


(A)  Bk 

[c)  Che 


OLUBnrKUTicni  or  sfboibs.  2I7 

(•)  Gboop  IV.  At.  Ratio,  E  :  (Afl,Sb,Bi) :  S  =s  4  :  2  :  7.  Fomala 
Bt(AB,Sb,Bi),S,  =  4RS+(AB,Sb^i)iS,.  Tetr&hedr tte ;  ten- 
nantite. 

(/)  Gboup  V.   AfEatio,    R  :  (A8,Sb)  :  S  =  5  :  2  :  8.      Formuk 
IUA8,Sb)iS,=:5RS+(AB,Sb)^    Stephanite;  geocronite 
P  jlvbaslte. — Snargite. 


m.  CHLORIDES,  BROMIDES,  IODIDES. 

1.  ANHYDROUS  CHLORIDES.— CorapoBition  moetly  R(01,  Br,l); 
lleo  R^Cl,Bi-,I)  (calomel),  and  BCl,  (molysite). 

Halite;  Bvlvite;  uerargirite ;  embolite;  broravrite. 

2.  HYDitoUS  CHXORIDES.— Carnallite.     TaohliTdrite. 
8.  OZYOHLORIDES.— Atacamite:  inaUockite. 


IV.  FLUORIDES. 

X.  ANHYDROUS  FLUORIDES.    Flnorite ;  aellaite.— OryoUte. 
a  HYDROyS  FLUORIDES.— Paohnolite ;  ralstonite. 


V.  OXYGEN  COMPOUNDS. 


1.  OXIDES  OF  HffTALS  OF  THE  OoLD,  IbON,   AND  TuT  GbOUFB. 

A.  ANHYDROUS  OXTDEa— (a)   PfiOTOXiDKS.— Binaiy   componnds  oi 

oxygen  with  a  univalent  or  bivaleat  element.  Formula  RO  or  (R-jO). 
Cuprite;  zineite;  tenorite. 

(0)  SKSQCToxtTKB. — Binary  compoiinda  of  oxygen  with  a  sexivulent  ele- 
ment. Fonnitla  fK)^.  Corundum ;  hematite,  xhis  group  also  uiuludos 
menaccaiiite  and  perufsldtc. 

(c)  CoiiroiiNDB  OF  Peotoxipes  and  SasQUioxiDBe. — Teniary  compoimda 
of  oxygen  with  a  bivalent  and  a  Bexivalent  element.    Formula  Kfif^i  =:  KO 

Spinel  Group.  iBometric. — Spinel ;  gahnite ;  magnetite ;  franklinite ; 
t^romite.     Orthorhombic— ChryBoberyl. 

{f£)  Dkutoxideb, — Binary  compounds  of  oxygen  with  a  qoadrivalent  ele- 
ment.    Formula  RO^ 

Tbteaooitai,. — liutUe  Grovji. — CaeBiterite ;  mtile ;  octaledrite;  hatu- 
maniiite;  braunnite.     Orthorhombic. — Brookite;  pyrolugite. 

B.  IIYDROUS  OXIDES.- Turgite.— DiaapOTe ;  gSth'te;  maDganite.— 
limooite. — Briicite  j  gibbsito. — FBilomelane. 
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2.  OXIDES  or  Mktalb  of  thh  Absenio  ahd  Sui.phijb  G-boctb. 
Isometric — ArBenolite;    Benarmontite.      Oi-thorhombic.  — Claudetite  ; 

valentinite ;  biamite,  etc 

3.  OXIDES  OF  THB  Oasboh-silkok  Gbovp. — Quartz ;  trid^mite ;  a*- 
manite;  opaL 

XL  TERNARY  OXYGEN  COMPOUNDS. 
I.  SILICATES.— A.  A)iHn>RODB  Siucatss. 

(a)  BisiLiCATES. — Salte  of  meta-^iliulc  acid,  HjSiOi.  Quautivalent  ratio 
for  basic  elements  and  silicon,  1  :  2.  Oeueral  formula  KSiOg.  This  nia; 
bo  written  :  K  |  0|  J  SiO,  to  indicate  that  part  only  of  the  oxjgen  is  regarded 
OS  linking  oxjgen,  or,  taking  into  account  the  qiianti valence  of  the  vavion8 
basic  eleiiieiitB  that  may  be  present,  Kg,  dR,  /SB  I  O^  |  StO. 

(a)  Amphihole  group.  I'yi-oxone  section  (/A  /  =  Se^-SS").  Ortborhom- 
bic.  —  Eiistatite  ;  hyperethene.  Monocliiiic.  —  WoUastoiiite ;  pyroxene  ; 
acmite ;  legirite.  Triclinic — Rhodonite ;  babingtonite.  —  Spodumene ; 
petal  ite. 

{b)  Amphiiole  sectional  A  I=12Z''-125'^.  Oi-thorhombic— Anthophyl- 
lite,  kiipSerite.     MoTwdinic,  amphibole ;  artvedeonite. 

Beryl.     Eudialjte.     Follnuite. 

()9)  UHiaiLicATBs, — Salts  of  the  normal  silicic  acid,  H^SiO^.  Qaantiralent 
ratio  for  basic  elements  and  silicon,  1  :  1.  General  formula  R^iOt-  This 
may  be  written  :  R,  |  O^  ]  Si,  to  show  that  all  the  oxygen  is  regarded  as 
linking  oxygen,  or,  Ili,aB,  ^R  |  0^  |  Si.  The  latter  formula  shows  that, 
thougli  elements  or  different  quanti  valence  may  be  present,  the  same  nni- 
silicate  type  still  exists.  The  excess  of  silica  sometimes  present  in  both 
bisilicates  and  unisilJcates,  as  well  as  otlier  de\'iatiouB  from  the  ordinary 
types,  are  remarked  upon  in  the  pages  which  follow. 

(a)  Chn/aolUe  group.  Oi-thorhombic,  7a/=  91''-95'';  Oa1-4  =  124"- 
129°. — Clii-ysolite,  forsterite,  tepbroit©,  inonticellite,  etc. 

(6)  WUlemite  grovp.  Hexagonal,  R  A  E  =  lie^-HT". — ^Willemite,  diop- 
tasG,  phenacite. 

(c)  Isometric.     Helvite.     Danalite,  BiSiOi+RS. 

{<£)  Oamet  group.  iBometric— Q.  ratio  for  R :  B :  Si  =  1 :  1 :  2.  Gen- 
eral formula  RjftSi.Oi^ 

U)    Veauvianite  group.  Tetragonal. — Ziroon,  veBnTianite. 

(j^)  £pidote  grovp.  Anisometric — Epidote  \  allanite ;  zoiaite  ;  gadoli- 
nitft ;  ilvaite. 

(ffj  Triclinic.    Axinite.    Danburite. — (A)  lolite. 

Qt)  Mica  group.  lAl=  120°.  Cleavage  baaal  perfect;  optic  axis  o» 
scute  bisectrix  normal  b>  the  cleavage-plane. — Phlogopite;  biotitej  lepido 
imelane ;  mnecovite ;  lepidoUte. 

(?)  Soapotite  group.  Tetragooal. — Saroolite ;  meioniU ;  wemerite ; 
ekebergite. 

(m)  HexagonaL  Nephelite.  leometric. — Sodalite  ;  haflynite  ;  noute ; 
leacite. 
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FetdBpar  ffroup.  Monoclinic  or  triclinio.  /A/nearl20°;  Q.  raiio  foi 
R  :  B  =  1  :  3.  Anorthite  ;  I&bradorite ;  andeeite ;  hyalopWi'; ;  oligq- 
olase  ;  albite  ;  oi-thocliiee  (microcliiie). 

(7)  SuBsiLiOATEs. — (a)  Q.  ratio  fur  bases  to  silicon,  4  :  S.  Chondrodite 
Ton  nn  all  lie, 

(b)  Q.  i-atio  for  bases  to  silicon,  8  :  2.  Geblenite. — Andalusite;  flbrolita; 
cyauite  (A1S10«). — Topaz;  euvUse;  datolite. — Giiarinite;  .tltanite;  keil- 
hauitc;  tacheffkinite. 

(c)  Q.  ratio  for  bases  to  silicon,  2  : 1.    Staiut>Iite. 

B.  Htdsous  Siuoates — QsHrsAL  Sectiok; 

BiBtLiOATBS. — Fectolite ;  lauinoiitite ;  okenite. — Chrysocolla ;  alipite,  etc. 
Unibiucat£S. — Calamine ;  prehnite. — Thorite.    Fyrosnialite. — Apophyl- 
Ute. 

Sofi^uoATES. — Allopliane. 

Zv>Lvrx  81CTIOK. 

Thomsoiiite  ;  Datrolite  ;  scolecite  ;  meeolite. — Levynite. — Analcite.— 
Chabazite ;  gineliuite ;  herachelite. — ^Fbillipsite. — Harmotome. — Stilbite ; 
beulaudite. 

Mabqabophylutx  Seotioh. 

CisiucATES. — Talc     Pyrophyllite. — Sepiolite ;  glaiicomt& 

UsisiLicATEa. — Serpentine  group.  Serpentine ;  deweylito ;  geuthite. 

Saoliivite  group.  Kaoliiiito;  pboIeriCe;  balloysite. 

IHnite  groiip.  Tinite,  eto, ;  p&lagonite. 

Hydro-miaa  group.  FahUiuite ;  margarodite ;  damonrite ;  paragonite ; 
cooke  i  te. — H  i  e  i  uge  ri  t«. 

Chlorite  group.  Tenoiculites,  Q.  ratio  of  bases  to  silicon,  1  : 1.  Pyro- 
Bclerite ;  jefferisite,  etc. — Penninita. — Bipidolite ;  proctilorite. — Ohloritoid ; 
margarite.    Seybertite. 

2.  TAWTAT.Aiaa,  COLUMBATEa 

Pyrocblore. — 'Tautalite;  oolumbite;  yttrotantalite ;  samaiskite;  ease- 
nite;  ffiscbyuite,  etc 

3.  PHOSPHATES,  ARSENATES,  VAMADATES. 

AitnTDBOue. — Xenotime  TgP,0( ;  pucherite. — ^Descloizite. 
iferayOTioi.— Formula  3E^P,A8,V),O,+E(0i^      Apatite;    pyromop 
phite  ;   inlmetite ;  vaiiadinite. 
Waguente ;  monazite. — Triphylite ;  triplite. — ^Amblygcnite  (hebronito) 
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Htdboub. — Fharmacolite;  bnishite, — ^Vivianite:  crythrite. — ^libetbinUo ; 
oUvenite. — Liroconite  ;  peeudomalachite. — Clinoclasite. — ^Lazolite ;  scoro 
dite ;  wavellite ;  phaitnacoeiderite. — £:hildreiiite. — Turquois ;  cacoxenite. 
— Torbeniite ;  autunite. 

Jlydroua  antimonate. — ^Bindheimite. 


4.  BORATES. 

Sassolitc  ;   sufisexite  ;  ludwigite. — Boracite  ;   olezite  ;  priceite. — War- 
vickite. 


fi.  TUNG8TATES,   general   formula   RWO,;    MOLYBDATES,  RMoO«; 
OHHOMATES,  BCrO^. 

Wolframite ;  scheellte ;  stolzite. — Wulf enlte.— Orocoite ;  phoenicocliroite. 


6.  SULPHATES. 

Amhtdboub. — General  formula  RSO,.   Ortborhombic  /A  /  =  lOO'-lOS'. 
— ^Barite ;  celeatite ;  anhydrite ;  anglesite  ;  ^nkosite ;  leadhillite. 

Caledoiiite. — Dreelite;  auBannite  ;  eonnellite. — GJanbente;  lanarkite. 
Hydrous  sulphateb. — Mirabilite. — GrpBum. — Polyhalite, — Ep^mite. 
Oqpj>eraa   group.    Chalcantliite,   CuS0«  +  5aq,   also  tlie  other   vitriolic 
RSO^+Taq. 

Copiapite. — Alaminite. — ^Liuarite ;  brochantite,  etc. 
Tblldbatgs. — Moutaoite,  BijTeO,+  2aq. 


7.  CAEBONATEa 

AsHTDEOiTH. — ColcUe  gToup.  RhombohedraL  General  formula,  ECO^ 
— Calcite ;  dolomite  ;  mi^nesite ;  siderite  ;  rhodocbroeite ;  Bmitliaoiiite, 

Aragonite  group.  Orthorhombic, — Aragoiiite  ;  witheritej  stroutiaiiite  ; 
oeruasite ;  baryto-caleite. — Fhoegenite. 

Hydbodb  cardohatks. — Gaylussite, — Hydromagnesite. — Hydrozincito ; 
malachite ;     azurite.--Bi6mutite,  ete. 
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I.  NATIVE  ELEMENTS. 


Iscimetriu.  The  octahedron  and  dodecahedron  the  moat  commcn  fortin 
CiTstals  Boinetiines  aciuular  through  elongation  of  oota-  419 

hedral  or  other  forms ;  also  passing  into  filiform,  reti- 
culated, and  arborescent  shapes ;  and  occasionally 
spongiform  from  an  aggregation  of  filaments ;  edges  of 
crystals  often  salient  {i.  415).  Cleavage  none.  Twins; 
twinning-plane  octahedral.  Also  massive  and  in  thin 
laminie.  Often  in  flattened  grains  or  Bcales,  and  rolled 
masses  in  sand  or  gravel. 

H.=2-5-3.     tt.=:15-6-19-5;  19-30-19-34,  when  qaite 
pure,  G,   Rose,     Lnsti-o    metallic.     Color    and  streak 
various  shades  of  gold-jellow,  sometimes  inclining  to  silver-white.     Tory 
ductile  and  malleable. 

Oompotiltlon,  Tailetiea. — Qold,  \mt  contAimng  alyai  In  diftersnt  propottiont,  and  some- 
times also  traoen  ol  copper,  iron,  biamatih(?iia^'M(«),  palladium,  rhodium.  Vbt.  1.  Ordlnarg. 
OontAining  OIU  to  16  p.  d.  of  Biliet.  Color  Toiriiig.  accordingly,  from  deep  goM-jelloff  to 
pale  yellow;  G,  =  19-15(J.  3.  Argentiferoiu ;  Sleetrum.  Color  pale  yellow  to  yellowiah 
white;  O.  =15 '5-12*5.  Batio  for  the  gold  andsilTerof  1  :  1  ooneapondsCoSoa  p.  o.  of  silTer, 
8:1,  to  21 -Op.  c. 

The  average  proportion  of  gold  in  the  native  gold  of  California,  ai  derived  from  aasays  of 
■everal  hnndred  mitliona  of  dollars'  worth,  ia  E^  thouaacdCha;  while  the  range  ia  mostly 
between  H70  and  890  (Prof.  J.  C.  Booth,  of  U.  S.  Mint).  The  laage  in  the  metal  of  AnetnUia 
ia  mostly  between  SOO  and  9S0.  with  an  average  of  f)25.  The  gold  of  the  Cbaadiii-e,  Canada, 
oontains  nsnglly  10  to  15  p  o.  of  silver ;  while  that  of  Nova  Sootia  ia  very  nearly  pnre.  The 
Cbiiian  gold  afforded  Domeyko  tj4  to  OQ  per  cent,  of  gold  and  15  to  tl  per  oenc  of  Bilker. 
(Ann.  d.  Mines,  IV.  vi) 

Pyrogtioatio  and  other  Ohemlcal  Oharactera.—B.B.  fuses  easily.  ITotactedon  by  flnxea, 
tnnolnble  in  any  aingle  acid ;  soluble  in  nitro-hydrochlorio  odd  (aqna-regia). 

D.fi. — Readily  reooguized  by  ita  malleability  aod  speaifio  glavi^.  DiatingniBhed  by  its 
Insolubility  ia  nitiic  acid  from  pyrite  and  cholcopyrlte. 

Observations. — Native  gold  is  found,  when  in  titu,  with  comparatively  smaU  exceptions, 
la  tbe  quartz  veins  that  intersect  metamorpbic  rocks,  and  to  some  exMnt  in  the  wall  rook  of 
tiiese  veins.  The  metamorpbic  rocks  thus  intersected  are  mostly  ohloritie,  talcose,  and 
ugillaoeoiu  schist  of  dull  greeu,  dark  gray,  and  other  colors ;  al»a,  much  less  commonly, 
mica  and  homblendia  schiBt;,  gnpiss,  dioryte,  porphyry;  and  still  more  rarely,  granite.  A 
laminated  qnortxyie,  colled  itacolumyte,  ia  common  ia  mauy  gold  r^ons,  as  Uiose  of  BrudI 
and  North  Carolina,  and  aometimea  apeoulor  schiata,  or  slatf  rocks  oontuning  much  fuliat«d 
qtecnlar  iron  (hematite),  or  magDetite  in  grains. 

The  gold  occurs  in  the  quartz  in  strings,  acalea,  platea,  and  in  masses  which  are  aomeUmes 
an  i^glomeratioQ  of  ciyetals  ;  and  the  acalea  are  often  invisible  to  the  naked  eye,  maasivs 
qn&rti  tbat  apparently  contams  no  gold  freqnently  yielding  a  oonsidemble  percentage  to  the 
•asayer.  It  is  always  very  tiregularly  distributol,  and  never  in  continuous  pure  bonds  of 
vietal,  like  mauy  metallic  ores.  It  occurs  both  disseminated  throngh  the  mass  of  Che  quarts, 
aud  lu  ita  cavities.  Tbe  associated  minerals  are :  pyhte,  wbicb  for  exceeds  in  quantity  all 
oUiers,  and  ia  generally  aurifermu ;  next,  chalcopyrite,  galenite,  apha]erit«,  arsenopyrlte, 
«Mh  frequently  auriferoos ;  often  tetradymite  and  other  t^uriam  oreo,  native  biamnth,  Mib' 
Bits,  magnetite,  hematite ;  sometimes  barlte,  apatite,  fluoiite,  siderite,  ohrysocoUa. 

The  gold  of  the  world  ha*  been  mostly  gathered,  not  directly  from  the  qoartt  veiiu,  bol 
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from  tiie  grard  or  Mnda  of  riTen  oi  TsUeyB  In  BBclfenniB  i^oui,  or  tlie  dopM  of  momlafiM 
or  bills,  whose  rocin  contain  In  aoras  port,  and  gvnemUr  not  tax  difriant,  siuifeToaa  touib, 
BU(^  mines  are  often  oaUed  /^lutM  wuhingt ;  in  CalilamiK  jiaar-4igging».  Most  of  tha  ^Id 
of  tha  TJrals,  Brazil.  Aoatralia,  and  all  other  gold  regiona,  has  oome  from  mch  allnvial  ivmIi- 
ingd.  The  alluvial  gold  is  usuoll;  in  flattened  aoalea  of  different  degrees  of  fineneea,  the  liia 
dopendinR  partly  on  the  original  condition  in  tbe  qoarti  veina,  and  partlj  on  the  distanoe  to 
trbich  it  has  been  tianaported.  Transportation  by  nmning  water  is  an  assort  ng  proci>Ba  ;  the 
coarser  paTtlcles  or  largest  pieces  requiring  rapid  cnirenta  to  transport  them,  and  dropping 
(Iret,  and  the  finer  being  carried  far  away — somBtimBa  acorea  of  milaa.  A  cavity  in  the  rocky 
slopes  or  bottom  of  a  valley,  or  a  place  where  the  waten  nuty  have  eddied,  generally  prove* 
in  inch  a  region  to  be  ^peekel  full  of  gold. 

In  the  anriferoDS  aands,  cryatala  of  orcon  are  very  oommon ;  alao  garnet  and  c7anitB  In 
grains;  often  alao  moaazite.  diEunonda,  topaz,  magnetite,  corundnm,  iridosmine,  plaUttnin. 
The  lircons  are  sometimes  mistaken  tor  diamonds, 

Qold  exists  more  or  less  abandantly  over  all  the  continents  in  most  of  the  regions  of  crystal- 
line rocks,  espeaially  those  of  the  semi-ciystoltlne  sohists'  and  also  in  some  of  the  laipl 
iidands  of  t^e  world  where  snch  rocks  exist.  In  Borope,  it  is  moat  abundant  in  Hungary  and 
in  Transylvania ;  it  occnis  also  in  the  sands  of  the  Rhine,  the  Eeuss,  the  Aar,  the  Bbone,  and 
the  Danabe ;  on  the  southern  slope  of  the  Pennine  Alps,  from  ths  Simplou  and  Hmite  Bom 
to  the  valley  of  Aoeta ;  in  Piedmont ;  in  Rpaiu,  formerly  worked  in  Astnrias ;  in  many  of  thf 
streams  of  Cornwall  j  near  Dolgelly  and  other  parts  of  Korth  Wales  ;  In  Sootland ;  In  the 
oonnty  of  Wicklow,  Ireland  ;  in  Sweden,  at  Edelfora. 

In  Asia,  gold  oconia  along  the  eastern  flanks  of  the  Urals  for  GOO  miles,  and  is  espedatly 
abundant;  at  the  Bereaov  mines  near  EatharinenbiuK  (lat.  5f1°  40*  If. ) ;  also  obtained  at  Petro- 
pavlovski  (00°  N.) ;  Nisehne  Tagilsk  (S0°  IS.)  ■,  Hiaak,  near  Slatonst  and  Mt.  Dmen  (66°  N., 
where  the  largest  Bussian  nugget  was  found),  etc.  Asiatic  mines  occur  also  In  the  Uaitaa 
Mountains,  in  Little  Thibet,  Ceylon,  and  Maloooa.  Oblna,  Corea,  Japan,  Formosa,  Sumatia, 
Java,  llomeo,  the  Philippines,  and  other  East  India  Islands. 

In  Africa,  gold  octjars  at  Kordofan,  between  Darfour  and  Abyssinia ;  also,  tonth  of  the 
Sahara  in  Western  Africa,  from  the  Senegal  to  Oape  Palmas  ;  In  the  interior,  on  the  Sotnat,    - 
a  day's  jonmey  from  Csssen  ;  along  the  ooast  opposite  Madagascar,  between  S2'  and  36°  &, 
■iipp("od  by  some  to  have  been  the  OpJdr  at  the  time  of  Soloifion. 

In  &onth  America,  gold  is  found  In  BroEil ;  In  New  Qraoada  ;  Ohill ;  in  Bolivia ;  sparltigly 
in  Peru.  Also  in  Central  America,  in  Honduras,  San  Salvador,  Guatemala,  Costa  Bica,  and 
near  Panama  ;  most  abundant  in  Hondacas. 

In  North  America,  there  are  numberless  mines  along  the  mountains  of  Western  America) 
and  others  along  the  eastern  range  of  the  Appslachisna  from  Alabama  and  Oeo^ia  to  LabM- 
dor,  besides  some  indications  of  gold  in  portions  of  the  ioiermediatc  Arohean  r^on  about 
I^e  Superior.  They  occur  at  many  points  along  the  higher  regions  of  the  Booty  Monntains^ 
in  Mexico,  and  in  New  Mexico,  in  Ariiona,  in  the  Sou  Franoisco,  Wauba,  Tnma,  and  oUiei 
districts ;  in  Colorado,  abundant,  but  the  gold  largely  in  aniiferous  pyrite  '  in  Utah,  and 
Idaho,  and  Montana.  Also  olong  ranges  between  tbe  summit  and  the  Sierra  Nevada,  in  tbe 
Humboldt  region  and  elsewhere.  Alqs  in  tbe  Siertft  Nevada,  mostly  on  its  westem  slope 
(the  mioGS  of  the  OBstem  being  prinoipally  silver  mines).  The  auriferous  belt  may  be  said  to 
b^in  in  the  Oalifomian  peninsula.  Near  the  Tejon  pass  it  enters  California,  and  beyond  for 
180  miles  it  is  sparingly  auriterons,  the  slate  rocks  being  of  small  breadth ;  but  beyond  this, 
Qorthwatd,  the  slates  increase  in  extent,  and  the  mines  in  number  and  prodnotiveneas,  and 
iJiey  continue  thus  for  200  miles  or  more.  Qold  oooars  also  in  the  Coast  ranges  in  many 
localities,  but  mostly  in  too  small  quantities  t"  be  profitably  worked.  The  TEgions  to  tbe 
north  in  Oregon  and  Waabington  Territory,  and  the  British  Fonessions  farther  north,  as  alao 
our  possessions  in  Alaska,  are  at  many  points  anrlfeious,  and  piodactively  so,  though  to  a 
less  extent  than  California. 

In  easterii  North  America,  the  mines  of  the  Southsm  UnitM  States  produced  before  the 
California  discovRries,  in  1B49,  about  a  millioa  of  dollars  a  year.  They  are  mostly  oonfinad 
to  the  States  of  Virginia.  North  and  South  Carolina,  and  Qeorgio,  or  iitmg  a  line  from  Um 
Bappahannock  K  the  Coosa  in  Alabama.  But  the  region  mi^  be  aaid  to  extend  north  to 
Canada;  for  gold  has  been  found  at  AlbionandHadridlnMaine;  Canaan  and  Lisbon,  N.H. ; 
Itridgewater,  Vermont ;  Dedham,  Uaas  Traoco  occur  also  in  Franconia  township,  Mont- 
fomc^  Co.,  Pennsylvania,  In  Canada,  gold  occurs  to  the  south  of  the  St.  Lawrence,  in  tbe 
nil  on  the  Chand'Are,  and  over  a  conaidemble  region  beyond.  In  Nova  Sootim,  mines  •!» 
worked  near  Halifax  and  elsewhere. 

Ju  Anstralia,  which  is  folly  equal  to  California  in  prodnctivfueM,  and  much  superior  In  tin 
padtg'  of  the  metal,  the  principal  sold  mInM  ooaur  lioag  ths  streams  in  the  monntaina  at 
H.  B.  Wales  (R  B.  AnstnOla),  and  along  tbe  ooatbuutdoa  of  tha  suae  E»n|«  in  TMoria 
tP.  AMtnlia). 


Isometno.  Cleavage  none.  Twine:  tninning-plane  octahedral.  Com- 
roonly  coarse  or  fiue  filiform,  reticulated,  arborescent ;  in  the  latter,  the 
branches  pass  oS  either  (1)  at  right  angles,  and  are  crjetab  (nsiially  octa- 
hedrons) elongated  in  the  direction  of  a  cubic  axis,  or  else  a  Buccexsion  of 
partlr  overlapping  cryetals ;  or  (2)  at  angles  of  60°,  thej  being  elongated  in 
the  direction  of  a  dodecahedral  axis.  Crystals  generally  obliqTiely  pro- 
longed or  shortened,  and  thus  greatly  distorted.  Also  masaive,  and  in 
plates  or  enperficial  coatings. 

H.=2-5-3.  G.=:101-fl'l,  when  pnre  10-5.  Lustre  metallic  Color 
and  streak  silver-white ;  sabject  to  tarnish,  by  which  the  color  becoinea 
grayish-black.     Ductile. 

Oomp^  Tar. — SilTer,  wiUi  aome  copper,  gtdd,  and  Bometimea  platlniim,  antdmonr,  bismath, 
neroitiy, 

Ordinarj/.  (n)  mjvt»i]ii«A ;  (ft)  BWorm,  arboresoent;  (e)  maxslre.  Auriftroas.  Contains 
10  to  30  p.  c.  of  gold ;  color  irtiite  to  pole  bnw-jellow.  There  is  a  gradaal  paasoga  to  BTg«n- 
tiferons  go\A,     Cwpnjvnm*.     ContamH  sometiiinea  10  p.  □.  of  copper. 

Pyr^  oto. — B.B.  on  oharcoaJ  ftieea  easily  to  a  wlver-white  g'lobulB,  which  in  O.P.  givea  a 
taint  dark- red  coating  of  the  oxide ;  aijstalliiea  on  cooling.  Bolnble  in  nitric  atud,  and 
dspOEited  agaJu  \sj  a  plate  of  ooppai. 

Obi — Native  aUver  oocnra  in  matoet,  or  in  arboreecent  and  fliifonn  shapes,  In  yeins  traveis- 
big  gneiss,  sohiet.  porphyr?,  and  other  rocks.  Also  occnzs  dieBemlnaCed,  but  nsnally  invisiblj, 
in  native  copper,  ^enite,  chaloooite,  eto. 

The  mines  of  Eongabeig,  in  Norway,  have  afforded  TnagnlBoent  Epe<nmenB  of  native  silver. 
The  prinaipal  Saxon  localities  are  at  Freiberg,  Schnseberg,  and  Johanngecrgenstadt ;  the 
Boheminn,  at  Praibram,  and  JoachimithaL  It  ^so  oconia  in  small  qoantitiea  with  other  ores, 
at  Andrensberg,  in  the  Han:  in  Snabia;  Hnngaiy;  at  Allemoat  in  Danphiny  ;  in  the 
IJxal  near  Beresof  ;  in  the  Altai,  at  ZmSoff  ;  and  in  some  of  Uie  Comish  mines. 

Mexico  and  Fern  have  been  the  most  prodnctive  oonntrias  In  silver.  In  Mexico  it  has 
been  obtained  mostly  from  its  orea.  while  in  Fom  it  oocnts  principally  native.  In  Doiango, 
Sinaloa,  and  Bonora,  in  Nortliern  Mexico,  are  noted  mines  avoiding  native  silver. 

In  the  United  States  it  is  disseniinatod  through  mnoh  of  the  oopper  of  Michigan,  occaaion- 
ally  in  spots  of  some  size,  and  sometimes  in  cnbea,  skeleton  octahedrons,  etc. ,  at  vacioon 
luines.  In  Idaho,  at  the  "  Poor  Man's  lode."  lat^  masses  of  native  silver  have  been  ob- 
tained. In  Nevada,  in  the  Oomstook  lode,  it  is  rare,  and  mostly  in  filaments  ;  at  the  Ophil 
mine  rare,  and  disaemloated  or  fllamentooe ;  In  California,  sparingly,  in  Silver  Honntaia  di» 
triot  Alpine  Oo. ;  in  the  Maris  vein,  in  Los  Angelas  Co.  ;  In  the  towoBhip  of  Ascot,  Canada, 
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^metric.  Barely  in  cnbee  or  octahedrons.  TTenally  in  grains ;  oooa- 
donally  in  irregnlar  Inmps,  rarely  of  large  size.     Cleavage  none. 

H.:=4-4-5.  G.=sl6-19;  17-108,  small  grains,  17-608,  a  mass.  Breitlu 
Xineti-e  metallic.  Color  ftnd  streak  whitish  steel-gray  ;  shining.  Opat^ne. 
Dnctile.     Fracture  hackly,     Uccasionally  magneti-polar. 

Oomp.— Flatinxun  oombliiad  with  IroB,  iridium,  onainin,  and  otlieT  metals  The  amount 
of  Iran  varies  from  4--30  p.  o. 

Pyr^  eto. — Infnsible.  Hot  allaotad  fay  borax  or  islt  of  phoephoma.  excmt  In  the  iMa  of 
flne  dnit,  when  leoations  for  iroB  and  ooppar  nisf  b*  obtaliied.  SolnUeoiujlnhiMtodBito^ 
bydiwdilaio  aol^ 

r„i„„.^.>,i.^i^ 
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lUtt. — DMJnpiiBlied  b;  ita  malleability,  high  apeoifio  ga-yitj,  lufiuiblli^,  ftnd  «iitii«  luol 

■InlitT  in  the  ordinary  acids. 

ObB. — Flatinam  waM  fliat  found  in  pebbles  and  email  giaina  In  tli«  ftllnTial  depoaita  of  tha 
liTer  Pinto,  in  the  district  of  Cbooo,  near  Popsf  an,  in  South  Amerioa,  when  it  received  it* 
name  plaUna,  from  piata,  Hlvtr.  In  the  province  of  Antiuqoia,  in  Bnuil,  it  has  been  found 
In  auriferous  regions  in  ayenite  {Bonsaingnnlt). 

In  Euasia,  it  oocqib  at  Nisohne  TagUak,  and  Ooroblagodat,  In  the  Untl,  in  alluvial  material. 
Formerly  nsed  aa  ooius  hj  the  Boasians.  Bussia  affords  annnally  about  800  cwt.  of  pUtinam, 
which  is  nearly-tcn  timea  the  amonnt  from  Braiil,  Columbia,  St.  Domingo,  and  Borneo. 
Platinum  ia  aUo  found  on  Borneo ;  in  the  aanda  of  the  Rhine ;  at  Bt.  Aray,  val  du  Drao ; 
county  of  Wicklow,  Ireland  ;  ou  the  river  Jocky,  St.  Domingo  ;  in  California,  but  not  abun- 
dant:  in  traces  with  gold  in  Buthorford  Co.,  North  Citrolina;  at  St.  Ftanoola  Beauoe,  eto., 
CuiadaBast. 

Pi.AiiNiBiDnnL  — PlaUnnm  and  Iridium  in  diflerent  proportions    Urab ;  Bradl. 

PAIiIiADIDU. 

Isometric.  In  minnte  octahedrons,  Haid.  Mostly  in  grains,  sometimea 
composed  of  diverging  fibres. 

R=4-5-6.  a.=:ll-3-ll-8,  WoUaston.  Lnstre  metallic.  Color  whitish 
Bteel-gray.     Opaqne.     Ductile  and  malleable. 

Oomp, — Palladium,  alloyed  with  a  little  platinnm  and  iridium,  bnt  nob  yet  analyzed. 

Oba. — Pall&diam  occurs  with  platinnni,  in  Broiil,  where  qnite  large  masaea  of  the  metal 
are  aometimea  met  with ;  also  reported  from  St.  Domingo,  and  the  Urol. 

Palladium  has  been  employed  for  balanoea  ;  aleoforthe  divided  scales  of  delioate  appaiatua, 
for  which  it  is  adapted,  becanse  of  its  not  blackening  from  anlphnr  gaaaa,  while  at  ua  samQ 
time  it  is  nearly  as  white  aa  ailvBr. 

IRIDOSBUMZL    Omiridiom. 

Hexagonal.  iRarely  in  hexagonal  prisms  with  replaced  basal  edges. 
Commonly  in  irregular  flattened  graina. 

H.=6-7.     G.=19-3-21-lii.     Lustre  metallic     Color  tin-white,  and  light 

steel-gray.     Opaque.     Malleable  with  difficulty. 

Oomp.,  Var. — Iridinm  and  oamlum  In  diSerent  proportdona.  Two  varieties  depending  on 
these  proportions  have  been  named  aa  apeciea,  but  they  are  isomorphona,  aa  are  the  metals 
(O.  "Rose).     Some  rhodium,  platinnm,  rutheninm,  and  other  metals  are  usually  present 

Var.  1.  IfeuyanMtite,Baid.i  H.~7;  G,=18'8-IB'5.  Inflatacalesi  color  tin- white.  Over 
40  p.  o.  of  Iridium.     Probably  IrOa. 

2.  SitsertkiU,  Haid,  In  flat  aoolea,  often  stx-stded,  oolor  grayiah-white,  ateel-gray.  Q.  -- 
20-Sl  -3.  Not  over  80  p.  o  of  iridium.  One  kind  from  Nisohne  Tagiiek  afforded  Benelius 
IK>a.=Iridiam  10-9,  oaminm  801  =  100;  Q.  =31-118.  Another  corresponded  to  the  formula 
IrOs,. 

Pyr,  cto.— At  a  high  tempeiatnre  the  alsaenkite  gives  out  osmium,  bnt  nnde^oea  no 
furUier  change.  The  newjiuiBkit«  ia  not  decomposed  and  does  not  give  on  osmiom  odor  until 
fnaed  with  nitre. 

JSiS. — Dfatingnisbed  from  platinum  by  its  superior  hardneaa. 

Oba. — Occurs  with  platinum  in  the  province  of  Choco  in  South  America  ;  in  the  Ural  moan- 
tains  ;  in  Auatralia.  It  is  rather  almndant  in  the  auiiferoua  beach  sands  of  northern  Cali- 
fornia, occurring  in  amall  bright  lead-colored  scales,  aometim«s  six-sided.  AIM  ttacCB  in  tltt 
pild-waahings  on  the  rivers  da  Loap  and  dea  Plantes,  Canada. 

-J      UBROUBT.    Qoiokillver.    Oediegen  QuecksilbeT,  Otrvt. 

laomeirio.    Occurs  in  email  finid  globoles  scattered  through  its  gaogua 
0.3slS.668.     Lustre  metallic.     Color  tin-white.     Opaque. 


.K.uyiv 


NATIVE  'BLKKXrm. 

Oomp. — Ptue  mmcmy  (^) ;  with  Bometitnea  %  little  dlTer. 

Fyr^  eto. — B.B.,  entirely  Tol&tile.     Disaalves  re&dilr  in  nitrio  aoid. 

Om.— Mercuir  io  the  matallic  state  is  a  rare  mineial ;  the  qnicksilve 
tainad  moatlj  from  oinnabaT,  one  ol  ite  ores.     The  n>r<ks  affording  the  metal  and  itn  oi 
mo«tlj  olsj  Rholea  or  BcUsti  of  different  geological  ages, 

'   'mportant  mines  are  those  a(  Idria  in  Gamiola,  and  Almodea  in  Spain. 


AMAIidAM, 

iBometric.  The  dodecahedron  a  common  form,  also  the  cube  and  octa 
liedron  in  eembination  (see  f.  40,  41,  etc.,  p.  15).  Cleavage :  dodecabodral 
ill  traces.     Also  massive. 

H.=3-3-5.  G.=13.75-I4.  Color  and  Btreak  silver-white.  Opaque. 
Fracture  coimhoidal,  uneven.  Brittle,  aud  giving  a  gmting  noise  when 
cut  with  a  Ii.nife. 

Oomp.— Both  Ag  Hg  (=SQTer  3S-1,  manmijr,  64-9),  and  Ag.Hgt  (=BilTei  365,  and  mei- 
01117.  73*3),  are  here  inclnded. 

Pyr.,  ate, — B.B.,  on  charcoal  the  merctu;  TOlatilizes  and  a  globule  of  dlveiis  left.  In  the 
otoeed  tube  the  mercni:]'  aublimea  and  condeneeB  on  the  cold  pait  of  the  tube  in  miunte  gLo 
bales.     DisHoWea  in  nitric  acid, 

Oba  —From  the  Palatinate  at  Moachellandsberg.  Al«o  repotted  from  Boseuan  in  Hnngaiy, 
Bala  in  Sweden,  Allemont  in  DanphinS,  Almadan  in  Spun. 

Arquebite.— Composition  iLg,iHg=nlTei  6S'6,  mennuj',  18-1=1W.  OhiU.  Eones- 
BEROITE,  Agi  gHg  (!)  KongsbeTg,  Norway. 


leometric.  Cleaviu^  none.  Twins :  twinning-plane  octahedral,  ver7 
common.  Often  filiform  and  arborescent;  the  latter  with  the  bra'ichea 
passing  off  uaoallj  at  60°,  the  snppleinent  or  the  dodeoaliedral  angle.  Abo 
massive. 

H.=2-5-3.  G.=8-888,  Wliitney.  Lustre  metallic.  Color  copper-red. 
Bti-eak  metallic  shining.     Ductile  and  malleable.     Fractiii-e  hackly. 

Oamp. — Pare  copper,  bnt  often  oontalnlng  aome  slTer,  biamntb,  eh). 

Pjr.,  ate. — B.B.,  fasea  readily;  on  cooling,  beoomei  ooveied  with  a  coating  of  black  oziae. 
BiiaolveB  readilj  in  nitrio  acid,  giring  oH  red  niteona  fames,  and  prodaoing  a  deep  ainre-bloe 
toluUon  npon  the  addition  of  ammoma. 

Ob8.~-Oopper  oooura  in  beds  and  veini  accompanying  ita  Tariona  ot««,  and  i»  most  abandant 
In  the  Tioiiiitj  of  dikea  of  i^eooa  rooki.  It  is  aometimea  foand  in  looae  maasea  imbedded  in 
the  aoiL 

Fonnd  at  Torlnak,  in  the  TJrala,  in  fine  dTatala.  Common  in  OoniwalL  In  Bradl,  Chili, 
Bolivia,  and  Peru.     At  Wallaroo,  Aufltralia. 

This  metal  hoa  been  foand  nalive  throagboat  the  led  aandatone  (Triassloo-JaraBelo)  reffioi 
of  tbe  eaatem  United  States,  in  Maaaachusetts,  Oonneotioat,  and  more  abondantly  in  Ken 
Jeney,  where  it  has  been  met  with  sometimes  in  Bne  crystalline  masses.  No  known  localitj 
exoeeda  in  the  abondance  of  native  copper  the  Lake  Superior  copper  region,  near  Keweenaw 
Point,  where  it  exists  In  veins  that  interaeot  tho  trap  and  sandstoae,  and  where  msBBex  ol 
immense  Hiie  have  been  obtained.  It  is  associated  with  prehnite,  d  iicjite,  anolcite,  Inamoa- 
tite,  peotolite.  epidote,  chlorite,  woUastonite,  and  somatjmes  coats  amygfdnles  of  oaJcita, 
etc.,  in  amygdaloid.  Native  oopper  oocdtb  eparingl/  in  Oalifomia.  Also  on  the  Qila  dvet 
In  Arisona-,  in  large  drift  mssnai  in  Alaska, 

16  r..,u/,,  ■:.■<.  .t.>i.'^n. 
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iBonietric    Cleava^^  octahedral. 

n.=4'5.  G.=7'3-7'8.  Lustre  metallic.  Color  iron-gray.  Streak  rfun 
!iig.     Fracture  hackly.     Malleable.     Acts  strongly  on  me  magnet 

Ob* — The  oooarrence  of  mosses  of  native  iron  of  terrestrial  origin  lias  been  seTeral  timM 
KporCed,  but  it  ih  not  yet  placed  bejond  donbt.  The  presenoe  of  metallic  iron  in  graiiia  in 
basaltic  rooka  has  been  proved  hj  sercTal  observers.  It  has  also  been  Dotioed  ia  other  related 
rocks.  The  so-called  meteoric  iron  of  Ovifok,  GreenJand,  found  imbedded  in  baaalt,  la  oon- 
sidered  bj  some  autbora  to  be  terrestrial. 

Meteoric  iron  nsnall;  ooulains  1  to  20  pet  oent.  of  nickel,  beeides  a  small  peroeDta^  of 
other  metals,  as  cobalt,  maneaDese,  tiu,  copper,  chromium  ;  also  phosphoms  oommon  aa  a 
phospburet  (schreiberaite),  Eolphur  in  sulphureta.  carbon  in  some  instaiices,  chlorine.  Among 
larjte  iron  meteorites,  the  Qibbs  meteorite,  in  the  Yale  CoUeffo  cabinet,  weighs  l.lKlfl  ibs. ;  it 
was  brouKhb  from  Red  Eiver.  The  Tacson  meteorite,  dow  in  the  Smithsonian  InstitnCioii, 
weighs  1,400  lbs.  ;  it  was  originally  from  Sonora,  It  is  ring-ahaped,  and  is  49  inches  in  its 
greatest  diameter.  Still  more  remarkable  masses  exist  in  northern  Mexico ;  also  in  Soath 
America;  one  was  discovered  by  Don  Rubin  de  Celia  in  tho  district  of  Choco-Quolamba, 
whose  weight  was  estimat«d  at  33,000  lbs.  The  Siberian  meteorite,  discovered  by  Pallas, 
weighed  originally  1,600  lbs.  and  contained  imbedded  crystals  ot  chrysolite.     SmalUr  masses 

Zmc-  -Native  one  has  been  reported  to  occur  in  Aastralia ;  and  more  recently  Mr.  W. 
D.  Marks  reports  iU  discovery  In  Tennessee,  under  circumstanoea  not  altogether  free  from 
donbt. 

Lead. — Native  lead  occtin  very  Bparfn;^.  It  bu  been  found  in  the  TTrals,  in  Spain, 
Ireland,  eta.  Dr.  Qenth  speaks  of  its  disoovery  in  the  bed  rook  of  the  ^Id  placets  at  Oamp 
Oreek,  Uontana. 

Tin  is  proboblj  only  an  aitiSoial  prodoot. 


Ehombohedral.  BaB=  85°  41',  O  A  Ji  =  122°  9',  i  =  1-3779,  Miller. 
Cleavage:  baeal,  imperfect.  Often  granular  massive;  Bometiraes  retien- 
lated,  reniform,  and  Btalaetitie.     Structure  rarely  columnar. 

II.=3'5.  G,=5'93.  Lustre  nearly  metallic.  Colorand  streak  tin-white, 
tamishing  soon  to  dark-gray.     Fracture  uneven  and  tine  grannlar. 

Oomp. — Arsenic,  often  with  some  antimony,  and  traces  of  iron,  silver,  gold,  or  biBmiith. 

Pyr. — B.B.,  on  charcoal  volatilizes  without  fusing,  coatsthoooal  with  whitearsenonsoiide, 
ud  aSorda  the  odor  of  garlic ;  the  coating  treated  in  R.  F.  volatUiiea,  cingiDK  the  Same  bine. 

Obs! — Native  araenio  commonly  oocnra  in  veins  in  orystallinB  tocks  and  the  older  achiata, 
and  ia  often  accompanied  by  ores  ot  aatimcmy,  red  ailver  ore,  realgar,  sphalerite,  and  other 
metallic  minerals. 

The  silver  mines  of  Saxon;  afford  this  metal  in  considerable  qnantities ;  also  Bohemia,  the 
Sort,  Transylvania,  Hungary,  Norway,  Siberia  ;  occurs  at  Chonarcilto,  and  elsewhere  in 
Chili;  and  at  the  mines  of  San  Angnstin,  Mexico.  In  the  United  States  it  has  baan 
obaerved  at  EUvediill  and  Jaokaon,  N.  H.,  at  Greenwood,  Me. 

AMTIHONT. 

Bhombohedral.  .S  A  5  =  87"  85',  Koae  •,OaR  =  123"  32' ;  <J  =  1-3068. 
9  A  2  =  89°  25'.  Cleavage ;  basal,  highly  perfect ;— J  distinct.  Generally 
maesive,  lamellar ;  sometimes  botryoidal  or  i-oniform  with  agraniilai- teztnre 


*  The  asterisk  in  this  and  similar  cases  indicdtes  that  tbe  species  is  mentioned  again  in 
the  Supplementary  Chapter,  pp.  420  to  410. 
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H.=8-8-5.  G. =6- 846-6-72.  Lustre  metallie.  Color  and  streak  tiu- 
whito.    Very  brittle. 

Oomp. — Antitnonf ,  «ontalnlng  somBliimea  ailTer,  iron,  or  snenlo. 

Pyr,— B.B.,  oa  ohaiooal  foeeo.  gives  h  white  ooatlug  in  boUi  O.  and  B.F.  ;  if  the  Uovina 
be  intermitted,  tlie  globule  oontinaes  tia  glow,  giving  off  whit«  fames,  until  it  iB  Snnlt?  ornsted 
OTur  with  prinmatio  crTstaU  of  antimonooa  oxide.  The  wMte  coatiag  tinges  the  B.F.  bluish- 
green.     Cr;iita11izea  laadily  from  f ngion. 

Occurs  near  Sahl  in  Sweden;  at  Andreasberg  in  the  Han;  atPnibram;  at  AUemont  in 
Daupbinj;  in  Mexico  ;  Cliili ;  Borneo;  at  South  Ham,  Canada;  at  Warren,  N.  J  ,  rare  ;  at 
Prinoe  William  antimon?  mine,  N.  Bmnawiok,  mre. 

Alleuontitb— Araeniual  antimonr,  SbAsi.  Color  tin-whit«  or  reddiBh-graj,  Ocean  at 
AUemooi :  in  Bohemia ;  the  Hue.  ' 

UHHtTTIL    Oediegan  Wlamuth,  Ogrm. 

Hexagonal.  JZ  A  if  =  87°  40',  Q.  Baee  ;  OaR=  123°  36' ■  i  =  1-3035. 
Cleavage :  basal,  perfect ;  S,  —2,  less  so.  Aleo  in  reticnlated  and  arbores- 
cent shapes ;  foliated  and  gl^milar. 

II.=2-2-5.  G.=:9-727.  Lustre  metallic  Streak  and  color  silver-white, 
with  a  reddish  hue  ;  snbject  to  tarnish.  Opaqne.  Fi-actiire  not  observable. 
Seutile.     Brittle  when  cold,  but  when  heatea  somewhat  malleable. 

Oomp.,  Var. — Pare  biamnth,  with  ooooalonal  traces  of  anenlo,  enlpbnr,  tellnrinm. 

Fyr.,  etc — B.B.,  on  charcoal  fusee  and  entixety  Tolatiliies,  giving  a  coating  oranjte-yellow 
while  hot,  and  lemon-jellow  on  cooling.  Disaotves  in  nitrio  Acid  ;  eabaequent  dilution  caniei 
t  white  pieoipitote.     CrTstolliiei  readily  from  fusion. 

Diff  ■=— Distingniehed  b;  its  reddish  oolor,  and  high  speeiSo  gravity,  from  the  other  brittle 

Obs. — Blsmnth  oocnn  in  veiiw  in  gneiss  and  other  oxTstalline  rodka  and  olaj  date,  nccom- 
pouring  various  ores  of  silver,  oobolt,  lead,  and  sine.  Abundant  at  the  silvei  and  oobolt 
mines  of  Saxonr  and  Bohemia ;  also  found  in  Norway,  and  at  Fahlnn  in  Sweden.  At  Wheal 
Bpomon,  and  eleewhere  in  Cornwall,  and  at  Corrack  Fell  in  Cnmberland  ;  at  the  Atlas  mine, 
Devonshire  ;  at  Me; mao,  CorrSie  ;  at  San  Antonio,  Chili  ;  Mt.  Elaiapa  (Sorata),  in  Bolivia  ; 
in  Victoria. 

At  Xione'e  mine  In  Uonroe,  and  near  SeTntour,  Conn. ,  In  qnoiti ;  ooours  also  at  Brewei'i 
mine^  Ohestetfield  district,  South  Carolina ;  In  Oolorado. 


TBZJ.UBIDM.* 


Hexagonal,  .fl  A  .ff  =  86°  57',  G.  Rose  ;  0  A  ^  =  123°  4',  i  =  1-3303. 
In  aix-eiaedpriBmB,  with  basal  edges  replaced.  Cleavage:  lateral  perfect, 
basal  imperfect.     Commonly  massive  and  grannlar. 

H.=2-2-5.  G.=6-l-6*3.  Lnstre  metallic.  Color  and  streak  tin-white. 
Brittle. 

Oonp.— Aoooiding  to  KI^>ioth,  Tellurium  93-SS,  Iron  7*90,  and  gold  0*20. 
Pyr.— In  the  open  tobe  fuaea,  giving  a  while  Rublimate  of  teUarone  oxide,  wMoh  B.B. 
fnsea  to  oolorlea  tranaporent  dropi.    On  obarooat  foaaa,  volatdlisM  almost  entirely,  tingM  the 
flame  green,  and  give*  a  white  ooatiug  of  tellurous  oilde. 

Obs^Native  tellurium  occnre  In  Trans vlvonia  (whence  the  name  Sytvanitt)  j  tHao  at  the 
Bed  Cloud  mine,  near  Qold  Hill,  Boulder  Co.,  Colorado. 


mSOBIPTIVB   lONE&AIiOSr. 


NATIVE  SUIiPUUK. 


Orthorhombic  /a7  =  101"  46',  0  A 14  =  113°  6' ;  i:l:d  =  2-344  ■ 
1-23  :  1.     OhX-K-  117"  41' ;   6>  A 1  =  108°  19'. 

Cleavage:    I,    and    1,   imperfect.      Twins, 

4M  417  .        (!0inpo3ition-fa<;e, /,  sometimes  producing  cmci- 

.  form  crj'stale.     Also  massive,  BometimeE  coa 

/p\  sistitif;  of  concentric  coats, 

A\Y\  H.=  l-5-2-5.     G.=2'072.  of  crystals  from 

fcizi^  Sprtin.     Liistre   resinous.     Strealc  sulpliiir-jei- 

\Yli/  low,   sometimes   reddish   or  greenish.     Trans- 

Mf/  parent — subtransliicent.     Fracture   conchoidal, 

*  moi-e  or  less  perfect     Sectile, 

Compb — Pure  Bnlphoi;  bnt  ottien  oontaminated  with  clay  or  bitamen. 

Fyr.,  «t«.— Bums  at  a  loir  tempentQie  witb  a  bluish  Hame,  mth  the  strong  odor  of  nl- 
phnrooB  oxide.  Beoomea  reunoDBl;  eleotiified  b;  frictioa.  Insoluble  in  water,  and  not 
acted  on  bj  the  acids. 

Obs  — Sulpbni  is  dlmoipbons,  the  cryatalB  being  monoclinio  when  formed  at  a  modenttel; 
high  tempeiatuja  (I3S°  C.  according  to  Frankenheim), 

The  great  repositories  o(  sulpbui  ore  either  beds  of  gypemn  and  the  associate  looka.  or  the 
legiomi  of  active  and  extinct  volcanoes.  In  the  voUe;  of  Noto  and  Mazairo,  in  fiicilj ;  at 
Conil,  near  Cadiz.  In  Spain  ;  Bex,  in  Swltieiland  ;  Cracow,  in  Poland,  it  occurs  in  the  tonnet 
ritastian;  also  Bologna,  ItaJj.  Sicily  and  the  neighboring  voloanjo  isles ;  the  Bolfatara,  near 
Ifaples  ;  the  volcanoes  ol  the  Pacific  ocean,  etc.,  are  localities  of  the  latter  kind.  Abnadant 
in  the  Chilian  Andes, 

Sulphur  is  found  near  the  snlphnr  springs  ofSevi  York,  Virginia,  etc.,  Bparingl^;  in  manj 
eoal  deposits  and  elsewhere,  where  p;rite  is  undergoing  decompositi<ai ;  at  the  hot  epriiig* 
and  geysers  of  the  Yellowstone  park ;  in  California,  at  the  gejaem  of  Napa  valley,  Sonoma 
Co. ;  in  Santa  Borbanv  in  good  crystal^  ;  near  Clear  lake,  Lake  Co.  ;  in  Nevada,  in  Homboldt 
Co.,  in  large  beds;  Nye  and  Smeralda  Cos..  etc 

The  snlphnr  mines  of  Sicily,  the  crater  of  Tulcano,  the  Solf ataia  nettr  N^ea,  and  tihebeda 
ti  Oalifornia,  afford  laige  qoantities  of  solphor  for  oommerae. 


Isometric    Often  tetrabodral  in  planes,  1,  3,  and  3-f.     Usnall;  witb 


cnrved  faces,  as  in  f.  41d  (3-J^) ;  f.  420  is  a  distorted  fonn.     Cleaviu^  : 
octahedral,  highly  perfect     Twins:  twinning-plane,  octabedral;  f.  418,  ie 
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ftn  elliptic  twin  of  f.  419,  the  middle  portion  between  two  opposihi  sets  ol 
sixplanee  being  wanting.     Barely  jnas8iT& 

H.=10.  G-.=8.5295,  Thoiripsciu.  LuBti-e  brilliant  adamantine.  Color 
white  or  ctilorlea? :  ot^casionaliy  tinged  yellow,  red,  oi'ange,  green,  bine, 
brown,  eometimes  lilack.  Transparent;  translucent  when  dark  colored. 
FractQi-e  conchoidal.  Index  of  refraction  2*4.  Exhibits  vitreous  electinoity 
when  rublied. 


nJcroscoplo  < 


tiea.  at  detected  b;  Brewster ;  and  aroand  those  cavitieii  the  diamond  sfaows  oTidcitce,  by 
polarised  light,  of  compreasion,  as  if  from  preamiTo  in  Lhe  included  gas  whon  the  diamond 
WBC  orjrBtalliied.  The  coarse  TOriebes,  whi<^  are  onflb,  in  conseqaenoe  of  impeifections,  foi 
Hse  in  jeirelrf,  aie  called  daH  ;  the?  are  sold  to  the  trade  for  cntling:  parpcwes. 

9.  Miuxita.  In  blaukpebbles  or  masses,  called  cnrionod^.oocasionall;  1,000  cantsin  weight. 
H=10;  G.  =3-012-Ji41(J.     Consists  of  pure  carbon,  excepting  0-27  to  3-07  p.  c  (Bra«il). 

3.  AntlLriuitie.  Like  anthracite,  bat  bud  eoough  to  scratch  even  the  dminond.  In  glo- 
bules or  mammillary  maasea,  consisting  partly  at  concentno  layers  ;  fragile  ;  Q.=l*60;  com- 
position, Oorbon  67,  hydrogen  O'S,  oxygen  1  5.  Cut  in  faceta  and  poiished,  it  lefraots  and 
disperses  Light,  irith  tbe  white  lustre  peculiar  to  tbe  diamond.  Iiocalit;  nnkuowa,  but  sup- 
poded  to  come  from  BraziL 

Pyr.,  et:.— Burns,  and  is  wholly  oonanmod  at  a  high  temperatnie,  prodnciiig  oarbonie 
dioxide.     It  is  not  acted  on  by  acids  or  alkalies. 

DiS. — Distingn.ahed  by  its  eitreme  hardness,  brilliancy  of  refiection,  and  adamantine  Itistnk 

Obi  — The  dlnmond  otten  occurs  in  regions  that  offoid  a  laminated  granular  qunitz  rocL. 
called  it'ieolumi/te.  which  pertains  to  the  tolcose  series,  and  which  in  thin  slabs  is  more  or 
lesM  flexible.  This  rock  is  fonnd  sb  the  mines  of  Biasil  and  the  Urals ;  and  also  in  Oeorgio 
and  North  Carotlnn,  where  a  few  diamonds  hare  bnen  found.  It  bm  also  been  detected  in  a 
species  of  oDDgiomernte,  oottiposed  of  rounded  siliceoua  pebbles,  quaits,  chalcedony,  etc, 
oemented.  by  a  kind  of  rermgiDoas  cU;.  Diamonds  are  UKnally,  however,  waahed  out  from 
tbe  soil.  The  Urol  diamonds  occur  in  lhe  detiltos  along  tbe  Adolfekoi  rivulet,  where  worked 
for  iTold.  and  alxo  at  other  plauea.  In  India  the  diamond  is  met  with  at  PnrCaol,  between 
Hydembad  and  Mnaulipataai,  where  the  famous  Kohinoor  was  found.  The  locality  on  Borneo 
is  at  Foutiana,  ou  tbe  west  side  of  the  Katoos  mountain.     Also  found  in  Australia. 

The  diamond  region  of  South  Africa,  discovered  in  16l>7,  is  the  moat  productive  at  the 
present  time.  Tbe  diamonds  occur  in  tbe  gravel  ot  the  Vaal  river,  from  PotchefstrOm,  cap- 
ital of  the  Transvaal  Republic,  down  its  whole  course  to  its  junction  with  tbe  Orange  river, 
and  Ihence  along  th3  latter  aCream  for  a  diat&nce  of  60  miles.  In  addition  to  this  the  dia- 
monda  are  found  also  in  the  Orange  Kive;  Republic,  in  isolated  Belds  or  l''inn,  ot  which  Du 
Toit'a  Pan  is  the  moot  famous.  The  number  of  diamonds  which  have  been  found  nt  the  Capu 
is  very  large,  and  xome  of  them  are  of  oonaiderablo  size.  It  baa  been  eHtimatcd  that  the  value 
of  those  obtained  from  March,  1807,  to  November,  1873,  exceeded  siity  milKona  of  dollars. 
Aa  a  consequence  of  this  production  the  market  value  of  the  atonea  hoe  been  much  dimin- 
ished. 

lu  the  United  State*  a  few  nrystals  have  been  met  with  in  Rutherfoid  Co.,  N.  C,  and  Hall 
Co.,Hb.i  they  occur  also  at  Fortis  mine,  Franklin  Co.,  K  C.  (Oenth) ;  one  handsome  one, 
over  I  in.  in  diameter,  in  the  village  of  Mancheater,  oppoaite  Riohmond,  Vo.  In  California, 
at  Cherokee  ravine,  in  Butte  Go.  ;  also  in  N.  San  Juan,  Nevad.i  Co. ,  and  elsewhero  in  the 
gold  woHhin^,     Reported  from  Idaho,  and  with  platinum  of  Oregon. 

The  largest  diamond  of  which  we  haie  any  knowledge  ia  mentioned  by  Tnvemler  as  in 
possession  of  the  Great  Mogul  It  weighed  originally  WO  carats,  or  27GD  3  grains,  but  was 
reduced  by  cntting  tu  SQI  grains.  It  has  the  form  and  aiie  of  half  a  hen'a  egg.  It  waa  foond 
in  IQjO,  in  the  mine  of  Colone.  The  Pitt  or  Regent  diamond  weighs  but  ISO'SS  carats,  ot 
4lOi  grains  ;  but  iit  of  unblemiahed  transparency  and  color.  It  is  out  in  the  funn  of  a  bril- 
liant, and  It?  value  is  estimated  at  £12.j.000.  The  Eofainoor  measured,  on  its  arrival  in  Eng- 
land, abo:it  1  j  inuhe-i  in  its  greatest  diameter,  over  f  of  on  inch  in  thiokuesa,  and  neighed 
ItHi, ,  cnrata,  and  was  out  with  many  facets.  It  bos  since  been  recut,  and  reduced  to  a  dia- 
mi'.tor  of  1-,'ri  bj  Ij  nearly,  and  thus  diminished  over  one-third  in  weight.  It  is  supposed  b; 
Hr.  Tennont  to  have  been  originally  a  dndecihedion,  and  he  suggests  that  the  great  Ilusuall 
diamond  and  another  lai^e  slab  weighing  liiO  oarata  were  aotnUJy  cut  from  tbe  M^inal  dode- 
oahodron.  Tareriiier  gives  the  original  weight  at  7tt7t  carata.  The  Rajah  of  MatCan  baa  in 
hi»  po^wes!-ion  a  diamond  from  Borneo,  weighing  ;IU7  carats.  The  mines  of  Braiil  were  not 
knoH  n  to  aSord  diamonds  till  the  ccmmenoement  of  the  eightaenth  oentniy. 
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ORAPHTTB.    FlnmlMga 


Hexagonal.  In  fiat  Bix-sidcd  tables.  The  basal  planes  {O)  are  oft«D 
striated  parallel  to  the  alternate  edges.  Cleavage  :  uaeal,  perfect.  Coitr 
inonty  in  imbedded,  fuliatcd,  or  granular  masses.  Rai-ely  in  globular  con- 
cretions, mdiated  in  Btructui-e. 

H.=l-2.  G.=:  209-2-229.  Lustre  metallic  Streak  blatik  and  sbinin^. 
Color  iit)Ti-bl auk — dark  steel-gray.  Opaque.  Sectile;  soils  paper.  Tlnn 
laminte  flexible.     Feel  greasy. 

Var. — (a)  Foliated ;  (h)  oolnmiuir,  and  Bometimea  radiated ;  (e)  ■caly,  moamve,  and  alaty  ; 
without  metoUio  lustre  except  in  Uio  stre^ ; 

n  Besquioxide  mecluinioaUj  mixed. 
Pyr.,  etc — At  a  high  temperature  it  bnme  without  flume  or  Bmoke,  leaving  tuniaU?  Bomd 
red  oxide  of  iroa.     B.B,  infuaible  \  fosed  with  oitie  in  a  platinum  apoon,  deflagratea,  con- 

Terting  the  reagent  into  potaaaiuju  oaibonate,  which  effarveaoea  with  acida.     Unaltered  ity 

I>i£— See  inoljbdenite,  p.  28S. 

Oba. — Graphite  occora  in  beds  and  imbedded  maaaae,  laminae,  oi  scalea,  in  p'anlte,  gnaisa, 
mica  sohiata,  oiyatullino  limestone.  It  i«  in  some  places  a.  result  ol  the  Hltemtion  hj  heat  of 
the  coal  of  the  coal  formation.  Sometimea  met  with  in  gieenstone.  It  is  a  common  furnace 
piodact. 

Occuia  at  Bon-owdole  in  Onmberlond ;  in  QlenstrathfarnLi  in  InTernessbire ;  at  Arendal  in 
NorwBf ;  in  the  Urala,  Siberia,  E'inlaad ',  in  various  ports  of  Auatria ;  Piumia ;  Fiance. 
La^e  quantities  ore  brooght  from  the  East  Indies. 

In  the  UDited  Statea,  the  minen  of  Stnrbridge,  Han.,  of  Ticonderoga  and  Fishklll,  N.  T,, 
of  Brandon,  yt,,  and  of  Wake,  N.  C,  aie  worked;  and  that  of  Aahtoid,  Conn.,  formed} 
kSotded  a  lai^e  amount  of  graphite.     It  oocara  apanugl;  at  many  other  looalittea. 

The  name  iAack  lend,  applied  to  this  species,  is  inappropriate,  as  it  oontoina  no  liod.  Tltt 
■onie  graphite,  ol  Werner,  is  derived  from  jfi^.  to  write. 

Ncodenakiiild  makes  the  gi^ihito  of  Enby  and  Stoigard  monMlMie. 


byGoogIc 


n.  SULPHIDES,  TELLUBIDES,  SELENIDES,  ARSEN- 
IDES, BISMUTHIDES. 


1.  BINABT  COMPOUNDS.— Sulphides  AnDTHXuBrois  OF  THE  MiTiLi 

OF  THK  SoLFBUB  AlO)  AbSENIO  OBOIITS. 


BBALOAR.« 


/ 


Monwjlinio.     6'=  66"  5',  IaI=  74"  26',  Marignac,  Scacchi,  OA  14  = 
138°  21' ;  r:b:d  =  0-6765  : 0-6943 : 1.    Uabit  prie- 
matic.     Cleavage :  'i-i,   O  rather  porfeut ;  I,  i-i  in 
traces.     Also  gi-aimlar,  coarse  or  fine  ;  compact. 

H.=l-5-2.  G.=3-4^-6.  LiiBtre  resinous.  Color 
ani-ora-red  oi-  oraiige-yellow.  Streak  varying  fi-om 
orange-red  to  aurora-i-ed.  Transparent — translu- 
cent.    Fracture  concltoidal, 


Oonip.— ABa  =  8ulpliiir  29.9.  orsenio  70-1— 100. 

Pyr.,  etc. — In  tbs  oloaed  tnbe  melta,  volatilizes,  aui 
bwuBparent  red  anblimate  ;  in  the  open  tube,  mlpliaroi 
Mid  a  whiCe  cr;BtailiDe  Bubiimate  of  onenouH  oxide,     a.a.  on 
jliarcoal  bams  with  a  bloe  flame,  emitting  araenical  and  Bnlphatons  odoTS.     Soluble  in  oatuitia 

Obs. — OccunwiUioraeofailTer  and  lead,  ia  Upper  HnngAryi  In  Transjlvania ;  at  Joachima- 
tbal ;  Sobneeberg ;  Aadr«a«berg ;  in  tlie  Binnenthol,  Switzerland,  in  dolomice  ;  at  Wieeloob 
In  Baden ;  near  Jnlameik  in  Ko<ndist«n ;  in  VMuvian  laraa,  in  minnta  tayitala. 


Orthorhombio.  IM—  100°  40',  C  A  1-i  =  126"  30',  Moha.  h'.l'.&=. 
l'361i  :  12059  : 1.  Cleavage :  i\  highlj-  perfect,  i-l  in  traces,  i-i  longi- 
tudinally striated.  Also,  massive,  foliated,  or  columnar;  sometimes  reui-' 
form. 

H.=l'5-2.  G-.=3-48,  Ilaidinger.  Lustre  pearly  upon  the  faces  of  per- 
fect cleavage ;  elsewliere  resiiioiis.  Color  several  shades  of  lemon-yellow. 
Streak  yellovr,  commonly  a  little  paler  than  the  color.  Subtransparent — 
snbtraiisluccnt.  Sub-se^tile.  Thin  laminaa  obtained  by  cleavage  flexible 
but  not  elastic 

Oomp,— AH,S>=3alphiir  39,  arsenic  61=100. 

Fyr.,  etc. — In  the  olosed  tnbe,  fniies,  volatiliiea,  ud  givea  a  dark  yellow  sablimate ;  other 
naotiona  the  some  as  auder  realjiat.     Dissolves  in  njtio-hfdrochloria  aoid  and  oaustic  alkalies. 

Oba  — Orpimeat  in  small  0>7stals  is  imbedded  in  olaj  at  Tajowa,  in  Upper  Hungai;.  It  it 
Dsnnlly  in  foliated  and  Hbroos  manses,  and  in  thU  form  ia  found  at  Kapnik,  at  Holdawa,  and 
at  Pelaiibanya ;  at  Hall  in  the  Tyrol  it  i«  found  in  gypsom  \  at  St.  Qothard  m  dolomita  \  at 
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Ui>;  SotfaUra  nearNaplee.  Near  Jnlamerk  in  KoonlistaD.  OccmsalaoBt  Aoobamhillo,  Pern. 
Small  tracua  lire  met  with  in  Edenville.  Orangfe  Co.,  N.  Y. 

The  name  orpiment  is  a  corruptjon  of  ita  Latin  name  aaripigraentain,  "  golden  paint,* 
which  was  given  in  allusion  to  the  color,  and  also  because  the  anbstanoe  was  snppo6«d  to  con- 
tain gold. 

OiuoRPniTE  of  Scacchi  ma^  be,  aocording  to  Kenngott,  a  TBriet^  of  oipiment. 


BTtBHITD.    Antimoaite.  Onty  Antimony.  AnHmony  Glanoe.  Antimonglanc,  Oo/m. 

Orthorhombic.    /A  J=  gO^Sl',  OAl-t  =  134°16',Kieimer;  c:?:d  = 
1-0259  :  10158  :  1.       0  A  1  =  124° 


^ 


433  45' ;   6*  A  1-i  =  134°  42i'. 

lateral  planes  deeply  striated 
loiigitiidinatly.  Cleavage:  if  highly 
perfect.  Often  coiuintiar,  coarse  or 
Bne ;  also  granular  to  impalpable. 

H.=2.  G.=4-51C,Hauy.  Lu6ti« 
metallic.  Color  and  streak  lead- 
gray,  inclining  to  steel-gray  :  sub- 
ject to  blackiBli  tarnish,  sometimes 
iridescent.  Fracture  small  sub-coii- 
clioidal.  Sectile.  Thin  laminie  a 
little  flexible. 

Comp.—Sb5Si^  Sulphur  28  2,  antimony  71-8  =  100. 

Pyr.,  etc.— In  tha  open  tube  Hulphurooa  and  nntimonouB  fumes,  the  latter  condensing  ob  a 
white  Bublimate  which  B.  B.  is  non- vol  utile.  On  chaicoal  fuses,  Bpiesda  out,  giveB  snlpbaroiis 
and  untiuioiioua  fumes,  coats  the  cool  white  ;  this  coating  treated  in  K.F.  tinges  the  flama 
greenish -blue.     Fiia.  =  l,     When  pme  perfectly  soluble  in  hydrochloric  acid. 

Diff  ^Distinguished  by  its  perfect  cleavage;  also  by  ita  extreme  fusibility  and  other  blow- 
pipe chntacteta. 

Ob.. — Occurs  with  spathic  iion  in  beda,  bat  generally  in  veins.  Often  associated  with 
blende,  barit^,  and  quartz. 

Met  with  in  veins  at  Wolfsbcrg.  in  the  Harz  :  at  Bniunsdorf,  near  Freiberg  ;  at  Przibram  ; 
in  Hungary;  at  Fereta,  in  Tuscany;  in  tho  IJrals;  iu  Dumfriesshire;  in  Cornwall.  ALui 
found  in  different  Mexican  mines.     Also  abundant  in  Borneo. 

In  the  Uuited  States,  it  occurs  apuringly  at  Cannel,  Me.  ;  at  Cornish  and  Lyme,  N.  H. ; 
at  ''  Soldier's  Delight,"  Md.  ;  in  the  Humboldt  mining  region  In  Nevada  ;  also  in  the  mines 
of  Aurora,  Eimeralda  Co.,  Kevada.  Also  found  in  New  Brunswick,  20  m.  from  Fredericton, 
S.  W.  side  of  SL  John  K, 

This  ore  affords  inuoh  of  the  antimony  of  commerce.  The  crude  antimony  of  the  shopa  is 
obtAined  by  simpte  fusion,  which  separates  the  accompanying  rock.  From  this  product  mosi 
of  the  pharmaceutical  preparations  of  antimony  ore  made,  and  the  pure  metal  extracted. 

Living  s'COMTE  (^ari^iia].— Besembles  stibnite  in  physical  chaiacters,  but  has  u  red 
streak,  and  contains,  besides  eidphur  and  antimony,  14  p.  0,  mercuiy,  Huitiuco,  BtAte  of 
Querrero,  Mexico,  gee  p.  430. 

BISMtTTBINITS.    Bismatfa  Glanoe.     WismutliglanE,  Oerm. 

Orth  arliombic.  IaI=  91°  30',  Haidinger.  Cleavage:  bracliydiagonal 
perfect;  inacrodiag<)nal  less  so;  basal  perfect.  In  aciciilar  crystals.  Also 
uiasi'ive,  with  a  foliated  or  fibrous  structure. 

II.=2.  G.=6-4-6-459;  7"A;  7'16,  Bolivia,  Forbes.  Lustre  metallic 
Streak  and  color  lead-gray,  iuclJDiug  to  tin-white,  with  a  yellowish  or  iride^ 
cent  taniisli.     Opaque. 
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Oomp.— Bi,S,=S[ilpIiai  1B'7S,  Usmiith  81-95=100 ;  iBomorphoiiB  with  stibnite. 
Pyr^  etc. — In  the  open  tube  ■alpbnroaa  fumes,  »nd  «  white  sabltmate  wbioh  B.B.  fDMi 
Into  drops,  brown  while  hot  and  opoqus  yellow  on  cooling.     On  ohaiooal  at  first  givei  mil- 

C'    zoaa  fumes,  then  fnses  with  ipirtiiig,  and  ooata  the  coal  with  yellow  biamnth  oziile. 
=1.     Dissolves  readily  in  hot  nltiio  aoid,  snd  a  white  precipitate  falls  on  diluting  with 

Ob«.— Found  Bt  Bnudy  Oill.  CutcwI:  Fell*,  in  Oamberland  ;  near  Bedruth ;  at  Botallaok 
near  Land's  Bad;  at  llitiland  Mine.  Qwennap ;  with  ohlldtenite.  near  CalUugtoii ;  in  Saioiiy; 
at  Rtddarhjttan,  Sweden ;  near  Sorata,  IlotiTia.  Ooonn  in  Sowan  Co<,  N.  C,  at  the  Bara- 
hardt  vein  ;  at  Uaddam,  Ct. ;  Beaver  Co.,  Utah. 

GnANAJCATiTB  ;  fVeioditt.  Fernanaet,  1873j  CatUOo,  1873 ;  Frenul,  1874— A  biimuUi 
aelenide,  Bi^Se,  ;  sometimes  with  part  of  the  Belemam  replaced  by  sulphur^bat  is,  Bii(3e,S)i, 
with  Se  :  S  =  3  :  2,  whiah  requires  Seleniam  33'8,  aolphac  flS,  bismath  ^^=100.  Itomor- 
phous  with  stibnite  and  biamuthinite  l&hnillf).  Qoanajoato,  Mexico.  SiLAOMITb  from 
Chianajoato  is  Bi)Se  (Fenumdei).  See  p.  428. 


TdliirwiamTith,  Otnt. 

Hexagonal.  OaS  =  118"  38\  B  AS  =  81°  2' ;  <S=l-5Sfl5.  (Jrystals 
oftei)  tabular.  Cleavage  :  basal,  ver^  perfect.  Also  maeeive,  foliated,  or 
granular. 

H,=l'5-2.  G.=;7-2-7'9.  Lustre  metallic,  splendent  Color  pale  steel- 
graj.     Nut  very  sectile.     Lainiuffl  flexible.     SoiIb  paper. 

Oomp.,  Tar,^ — Conatsta  of  biamath  and  tellorium,  with  somatimes  sulphur  and  selenium. 
If  Biilphor,  when  present,  replaoes  part  of  the  telloriam,  tbe  analyses  for  the  most  part  afford 
the  general  formula  Bi,{Te.  3),.  Var.  l.—  Free  from  aulphur.  Bi]Te,=Teliurinm  481, 
biamuth  51-0;  Q.  =7-6StJ,  from  Dahlonegs,  Jaokson  ;  7'&12,  id.,  Balch.  2.  SaiphuroM. 
Containing  4  or  5  p.  c.  sulphnr.    O. =7-300,  crystals  from  Schabkan,  Wehrle. 

Fyx. — In  the  open  tube  a  whit',  sublimate  of  telluroas  oxide,  which  B.  B.  fuses  to  colorless 
drops.  On  charcoal  fuses,  (rlTea  white  fumes,  and  entirety  rolatilizes  ;  tinges  the  B.,  V.  bluish- 
green  ;  coats  the  coal  at  &;st  white  (tfilluroos  oxide),  and  Qnally  omngfe- yellow  (bismucii 
oxide) ;  some  varieties  give  sulphurous  nod  selenous  odors. 

DiSi — Distinguished  by  its  easy  fusibility  ;  tendency  to  foliation,  and  high  specific  gravit}'. 

Oba. — Occun  at  Schubkau,  near  Schemnitz  \  at  Retzbatifa ;  Ocawicza;  at  TeUemork  in 
Norway;   at  Bnstnaes  mine,  near  Hiddarhytton,  Sweden, 

lu  the  United  States,  associated  with  gold  ores,  in  Viiginia  ;  in  North  Carolina,  Davidson 
Co. ,  etc.  Also  occurs  in  Georgia,  4  m.  E.  of  Dahlonego,  and  elsewhere ;  Highland,  Montana 
T.  ■  Bed  Cloud  mine,  Colorado,  rare ;  Montgomery  i^e,  Arizona. 

■JOSKITB. — A  bismuth  tellnride,  in  which  half  the  tellurium  is  replaced  by  sulphur  and 
selenium  ;  Brazil. 

Wehhutb.— Oompocftlan  piobkbly  Bi(!re,  &).    G.=8-41.    Dealsoh  Filscn,  Hnngujr. 


MOLTBKINmi.*  Uolybdlngjani,  0«rM. 

In  short  or  tabular  hexagonal  prisms.  Cleavage:  eminent,  parallel  to 
base  of  hexagonal  prisma.  Commonly  foliated,  massive,  or  in  scales:  also 
Hue  gi-aniilar. 

H.  =  l-1'5,  being  easily  impressed  by  the  nail.  G.=4'44— 48.  Lustre 
melaUic  '  Color  pure  lead-gray.  Streak  similar  to  color,  slightly  inclined 
to  green.  Opaque.  Lamiiiee  very  flexible,  not  elastic  Sectue,  and  almost 
iniilleAble.     .Bluish-gray  trace  on  paper. 
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Ooinp^-KoB,=SQlplinT  41-0,  molrbdennm  6ft-U=lW.  ' 

PyTi^  etc— In  Uie  open  tube  salpbnrons  fomeii,  B.B.  in  the  forcep«  infniible,  Impart*  a 
jrellowUh-gieeD  oolor  to  Uie  fl&me ;  on  ohoicool  the  pnlverized  mineral  gi'vea  in  O.F.  a  atcong 
odor  of  BulphuT,  and  coats  the  ooal  with  crystals  of  molybdio  oxide,  which  appeal  yellow 
while  hot,  and  white  on  cooling ;  near  the  efaay  the  ooatiog  is  oopper-red,  and  ll  the  whlta 
ooatJDg  be  touched  with  an  intermittent  R.T.,  it  Bssnmes  a  beautifnl  azure-blue  ooloc. 
Deoompoaed  by  nitrio  add,  leaving  a  white  oi  grayish  reaidue  (molybdic  oxide). 

nifi. — DiatinguiHhed  from  graphite  by  iU  color  and  streak,  and  also  by  ita  behaviot  (yield- 
ing sulphur,  etia)  before  the  blowpipe. 

Oba  — Molybdenite  generally  occurs  imbedded  in,  or  disseminated  through,  granite.  gneiM, 
lircon-syenfte,  granular  limestone,  and  other  crystalline  rooks.  Foundiu  Sweden:  Norway; 
Bnasia.  Also  in  Siiiony  ;  in  Bohemia  ;  Batbauaberg  in  Austria  ;  near  Uiask.  Urab  ;  Chee^ 
in  France ;  Pen^^roxil ;  Calbeck  Fells,  and  elsewhere  in  Cumberland  \  several  of  the  Cornish 
mines:  in  Scotland  at  East  Tnlloch,  etc. 

In  Maim,  at  Blue  Hill  Bay  and  Camdage  fann.  In  Conn.,  at  Eaddam.  In  Vtrmont,  at 
Newport.  In  H.  Mampt/uft,  at  Westmoreland;  at  Llandaff ;  at  Fianoonia.  In  Mat.,  at 
Shatesbury  ;  at  Brim&eld.  In  N.  York,  near  Warwick.  In  Penn.,  in  Chester,  on  Cbestei 
Greek ;  near  Conoord,  Oabarrus  Co.,  N.  0.  In  Caiifomta,  at  Bzoelnor  gold  mine,  in  Exoel- 
•iot  distiicL    In  Cantxia,  at  seTeial  plaoea. 


9.  BrNAET   COMPOUNDS.— SuuHiDKB,  Tkllceidbs,  »ro.,  of  Metals 
OF  THB  Gold,  Iboh,  and  Tm  Gaoiipfl. 

A.  BASIC  DIVISION. 

DTSORASr^B.    Antimonial  Silver.     Anlimon-SiUier,  Qerm, 

OrrJiorhombic  /Ai  =  119°59';  Oa  l-l  180°  iV ;  c:l :  a=  1-1633: 
1-7315:1;  0  a1  =  126"  40' ;  (?Al-i  =  146"  6'.  Cleavage;  basal  distinct : 
1-i  alao  distinct;  /  imperfect.  Twins:  stellate  forms  and  hexagoual 
priems.  Piismatic  planes  striated  vertically.  Also  maesive,  gr&Lular ;  par- 
ticles of  various  sizes,  weakly  coherent. 

II.=3-5-4.  G.=9-44-9-82.  Lustre  metallic  Color  and  streak  silver- 
white,  iiieliiiing  to  tin-white;  sometimea  tarnished  yellow  or  blackish. 
Opaque.     Fracture  uucveu. 

Oomp.~Afr,Sb  =  Ant!mon7  22,  sllTei  T8=10a     Also  Ar.Sb=AntImonjlS'66,  diver  S4-S4, 

and  other  proportiona. 

Pyr.,  etc — fl.B.  on  oharooal  fusee  to  a  globnle,  -coating  the  ooal  with  white  antimonoua 
nzide,  and  flnolly  giving  a  globnle  of  almost  pure  silver.     Soluble  In  nitrio  aoid,  leaving  anti- 


DOHETKITH.    Aiaenikknpfer,  Oerm. 

!Reniform  and  botryoidal :  also  massive  and  disseminated. 

IL  =3-3-5.  G.=7-7-50,  Portage  Lake,  Genth.  Lustre  metallic  bnt  dull 
tm  exposure.  Color  tin-white  to  steel-gray,  with  &  yellowish  to  pinchbeck- 
bruwn,  and,  afterward,  an  iridescent  tarmsh.     Fracture  uneven. 

n  .J  ii/j'- ■;■-  V-  it.n.i>,;n^ 
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OoB^^— OaiA«=AiBeiiio  28S,  oopper  71-7=100. 

Fyr.,  etc. — In  the  open  tube  fuses  and  gives  a  white  cijBtalliiia  ■nbUmmte  of  a 
oxide.  B.  B.  on  cbarooiU  arsenical  fumes  snd  s  malleable  metaUio  globnle,  which,  on  tareAt- 
meiit  with  soda,  gives  a  globule  of  pure  ooppei.  Not  dissolved  in  h;droohlotio  ftoid,  but 
■olnble  in  nitric  ooid. 

Obs. — E^m  the  mines  of  Chili.     In  N,  America,  foniid  on  (he  Sheldon  location,  Porta^ 
Lake;  and  at  Hichipicoten  Island,  in  L.  Superior. 

ALOorwitiiTS. — Composition,  OagAs=AiBenio  10  S,  copper  88'S.    Chili  i  also  Lake  Superior, 

WaiTNEi  ITE.— CnfijsAiseiilo  US,  copper8S'4=loa     Houghton,  Hioh.,  also  California, 


B.  PBOTO  DIVISION, 
(a)  GaUnite  Oroujp.    Isometric ;  holohedrsL 

y   ^lOZIMTITB.    Bllrer  Qlanoa.    Yitreons  Silvai.     Siltieri^aiiz,  Qtrm. 

Isonictric.  Cleavage :  dodecahedral  in  traces.  Alao  reticulated,  ailwres- 
cent,  and  tiliform ;  also  amorphous. 

H.=2-3-5fc  G.— 7-196-r-365.  Lustre  metalUc.  Streak  and  color  black- 
ish lead^ray  ;  streak  aliining.  Opaque.  Fracture  Biuall  Bub-couchoidal, 
meven.     Malleable. 

Oomp.— Ag,S=Sulphnr  13D,  silTer  87-1=100. 

Fyr.,  etc. — In  the  open  tube  gives  off  sulphucoai  oxide.     B.B.  on  diorooal  fuses  with  Inta- 

HEesuenoe  in  O.F.,  emitting  sulphurous  fumes,  and  yielding  a  globule  of  bUtbi. 

Di£ — Distinguished  from  other  silver  ores  by  its  malleability. 

Obs. — Found  in  the  Erigebirge ;  in  Hungry;  in  Norway,  near  Kongaberg;  in  the  Altai; 
in  tho  Urals  at  the  Blagodat  mine;  in  CcmwaU;  in  Bolivia;  Pern;  Chili;  Mexico,  ate. 
Occurs  in  Nernda,  at  the  Comstock  lode,  and  elsewhere. 

Oldiiauite  from  the  Bosti  met«orite  It  essentially  CaS. 

Nauhannite.— A  silver  seLenide,  oontainiug  alao  some  lead.  Ooloi  iron-black.  ?roii 
tbeHarz. 

BuCAiRriK. — AtUrei-aoppeiselenide,  (On,  Ag})Se.    Oolw  lilTei-white  togiaj.    Sweden ; 


OROOKEttlTB. 

Massive,  compact ;  no  trace  of  crystallization. 

H.=2-6-3.    G.=6-90.    Lustre  metallic.    Color  lead-gray.    Brittle. 

Oomp.-{Cn„Tl,Ag)  8e=Selenium  83-28,  copper  45^:6,  thaUiom  17-35.  bUvot  871— lOP. 
Pyr.,  eto — B.  B.  fujias  Tory  eauly  to  a  greetibh-blaok  shining  enamel,  ooloring  the  flame 
strongly  sreen.     Insolnble  in  hydrochlorio  add ;  completely  soluble  in  nittto  aotd. 
Obi.— Vrom  the  mine  of  Sknketum  in  Norway,    f  onm^ly  regarded  as  selenide  of  copper 


<     GAIJINT^.    Oalena,    Bleiglatu,  Otm, 

Isometric ',  lialiit  cubic  (nee  f.  38,  39,  etc,  p.  15),  Cleavage,  cubic,  per- 
fect; octahedral  in  traces.  Twins:  twinaing-plane,  the  octahedral  plane, 
f.  125  (f.  263,  p.  88);  the  same  kind  of  compoutiou  repeated,  f,  420,  anj 


Battened  pai-allel  to  1.    Also  reticulated,  tabular ;  coarse  or  fine  graimlar; 
isonietimeB  impalpable ;  occasioiiallj  fibrous. 


II.^£i-5-2-75.  Q-.=7'a5-7'7.  Lustre  metallic.  Color  and  streak  pure 
iead-giay.  Sui-face  of  crystals  occasionally  taraislied.  Fracture  flat  sub- 
choiichoidal,  or  even.     Frangible. 

Oomp.,  Tar.— Pb3  =  S<ilphiir  13-4,  load 86-0=100.  Contaiiu silver,  and  oooadonally  selan- 
iaoi.  zino,  cadmiam,  atitimooy,  copper,  aa  eolplildet ;  besidas,  also,  Bometimee  native  Bilver 
and  ((Old  ;  all  ^enite  U  more  or  less  aigentiferoua,  and  no  extenwl  oluuacteiB  serve  to  dis- 
(jnguiBb  tbe  rclHttTe  amount  of  ailrer  preaenC 

Pyr.— Id  tbe  open  tube  giieg  sulphnrona  fameH.  B.B.  iia  charcoal  fases.  emits  itulplinFODi 
fumes,  coata  the  coal  yellow,  aad  yields  a  globule  of  metoJlio  lead.     Bolabla  in  nitric  acid. 

DiS. — Diatdngnislied  in  all  bat  tlie  Snely  granular  varieties  by  its  perfect  cubic  cleavage. 

Obi. — Occurs  in  beds  and  Teios,  both  in  cryataUine  and  unorjstalline  rocks  It  is  often 
aHaociat«d  with  pyrite,  maroasite,  blende,  cbalcnpjrite,  arsenopyrite.  etc..  in  a  ^npie  of 
quarts,  calcitp,  borite,  or  fluoriCe.  etc.  ;  also  with  cenissite,  anglesite,  and  otber  salts  of  lead, 
which  are  frequent  renult«  iit  its  alteration.  It  is  also  common  with  gold,  and  in  veins  nf 
silver  ore'4.  Some  prominent  localities  are; — Freitieri;  in  Saxony,  the  Harz,  Prribram  and 
JoochimHthal.  Styria ;  aod  also  Bteiber)r.  and  the  neigbboring  localities  of  Carinthio.  Sula  in 
.Sweden,  Leadhilis  and  the  killas  of  Cornwall,  in  veins;  Derbyshire.  Cumberland,  and  the 
northern  districts  of  England  ;  in  Nertschinsk,  tlast  Siberia;  in  Algeria;  near  Cape  of  Qood 
nope;   in  Australia;  Cbili ;  Bolivia,  etc. 

Gxtenaive  deposits  of  this  ore  in  the  United  States  exint  in  Mixsonri.  Illinois.  Iowa,  and 
Wiscon.iin,  Other  imporcant  localities  are:— in  Xeio  York,  Eossie,  St,  Lawrence  Co.; 
Wurbzhoro.  Sullivan  Co. ;  at  Ancroin.  Columbia  Co.  ;  in  Ulster  Co.  In  3fiiiii«.  at  Lubec.  In 
i<r«ui  flii'nptJdre,  at  Eaton  and  other  places.  In  VeiTnnnl,  at  Tbetford.  In  GonnfclicU  at 
Middletown.  In  Mamiie/iuietU,  at  Newburjport,  at  Southampton,  etc.  In  I'tiiinn/lcinia.  at 
Pbenixville  and  eUewbere.  In  Virginin,  at  Austin's  mines  in  Wythe  Co..  Walton's  gold  mine 
In  Louisa  Co.,  etc.  In  Tcnnemiee.  at  Brown's  Creek,  and  at  Hnyaboro.  near  Nashville.  In 
Miciiigan,  in  the  region  of  Chocolate  river,  and  Lake  Superior  copper  districts,  on  the 
N.  shore  of  L.  Superior,  in  Neebing  on  Thunder  Bay.  and  around  Black  Bay.  In  CaU- 
famia.  at  many  of  the  gold  minei.  In  Nmada,  abundant  on  Walker's  river,  and  at  Steam- 
boat Springs,  Galena  district.  In  Aritona,  in  tlte  CasUe  Dome,  Eureka,  and  other  diatriotA. 
In  OtAoTodo,  at  Pike's  Peak,  eto. 

OLATTSTHAZJTB.    Selsnblai,  Qerm. 

Isometric.  Occurs  commonly  in  fine  granular  masses;  some  specimens 
foliated.     Cleavage  cubic. 

H.=i3-5-3.  G.=7-6-^-8.  Lustre  metallic  Color  lead-gray,  somewhat 
bluish.     Streak  darker.     Opaque.     Fracture  grannlar  and  shining. 

Oomp.,  Tar. — Pb3e  =  Selenium  2T'6,  lead  73-4=100.  Bcsidea  the  pnre  selenide  of  le>d, 
there  are  otbera.  often  anangid  as  distinct  specie*,  whi^h  contain  oobalt,  copper,  or  inonmrj 
lu  place  of  part  of  the  lead,  and  sometime!  a  Little  ailvei  or  iran. 
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Fyr. — Deorepitatei  In  tiie  oloied  talM.  In  the  open  tabe  gives  aelenona  famee  uid  «  red 
nblunkte.  B.B.  on  charcoal  a  Btnmg  Beleaons  odor  ;  padially  foaea.  Coata  the  ooal  neoi^ 
the  BMay  at  flnt  gtay,  with  aTeddieh  border  (Belenium),  and  later  jeljow  (lend  oxide/;  frhen 
pnre  entirely  Tolatile ;  with  soda  gives  a  globule  at  metallic  lead. 

Ob« Much  Tesembles  a  gniDular  galenite;  bat  the  fniat  tiiiga  of  blue  and  Hu  B.B 

■eleninm  fnmea  serve  to  distinfrnish  it. 

Fonnd  at  Claoxthal,  Tilkerode,  Zorge,  Lehrbach,  eta. ,  in  the  Han ;  at  Beiuabeig  in  Smx- 
OBJ ;  at  the  Bio  Tiato  mines,  Spain ;  Cooheuta  mine,  MendoiB.  S.  .A. 

ZOROITE  uid  LKBRDACHira  obour  with  clauirtbalite  tn  the  Uaix.  Zorgite  ie  a  lead-coppei 
•eleoide.     Lehibachite  in  a  lead-meTciu;  telenide. 

Bbrzbliahitb.— CuiSe^&eteniam  384,  ooppei:  61  "6=100.  Oolor  Bilvei-wlute.  From 
Bweden,  also  the  Han. 

Altaitb.— Compoeitlon  PbTe^Tellariam  S8'3,  lead  61  17.  lionietm.  Ooloi  tIn-wUta. 
From  Savodinski  in  the  Altai ;  Stanialaoi  mine,  Cal. ;  Red  Clond  mine,  Colorado ;  PioTinM 
d(  Coqnimbo,  Chill 

TiEUANHiTB  (Selenqneoksilber,  Gtrm.). — A  mennuj  telenide,  piobabl;  HgSe.  Maarire; 
Pound  in  tlie  H^x ;  eleo  Califoznia, 


.,'  BORHim.    Ernbeeoite.    Poi^e  Ooppei  Ore.    Bantknpferan,  0«nii. 

iBometric.  Cleavage  :  octahedral  in  traces.  Massive,  strnetare  graoiilaT 
•  or  compact. 

H.=3.  G,=4'4-5'5,  Lustre  metallic.  Oolor  between  copper-red  and 
pinchbeck-br<)wii ;  speedily  tamisbeB.  Streak  pale  grajish- black,  slightly 
shining.     Fracture  small  conchoidal,  uneven.     Brittle. 

Oomp.— For  0[7»tallited Tarletiea  FeOntSg,  or enlphor  28*06,  iron  lS'3S,ooppeTSS'S8=10<f. 
OtheT  varietiee  are:  FegOuiSi,  FeCuiSi,  audio  on.  The  ratio  of  R(Cn  or  Fe)  to  8  baa  the 
Tolnes  6  :  4,  4  :  3,  3  :  3,  7  1  S  (Bammelaberg).  Analy ale,  Collier,  from  Briatol,  Ct.  Sulphur 
S6-83,  copper  61 -79,  iron  11-77,  eUvetW.=99-30(B:  8=8  =3). 

Pyr.,  etc. — In  the  oloaed  tube  gives  a  faint  aablimate  of  aniphni.  In  the  open  tube  yields 
(ulpbuTont  oxide,  but  gives  no  sablimate.  B.B.  on  charooal  fusee  in  B.F,  to  a  brittle  mag- 
netic globule.  The  roasted  mineral  gives  with  the  flaxes  the  reaotlona  of  iron  and  copper, 
and  with  soda  a  metallic  globule.     Soluble  in  nitric  acid  with  sepnration  of  sulphur. 

DiK — Distinguished  by  its  copper-red  oolor  on  the  fresh  fnurtore, 

Obe.^ — Fonnd  in  the  minea  ol  Cornwall ;  at  Boas  Island  in  ElUamej,  Ireland  ;  at  Uonnt 
Catini,  Tuscany;  la  the  Hansfeld  district,  Oermanyj  and  in  Norway,  Siberia.  Silesia,  and 
Hungary.  It  is  the  principal  copper  ore  at  some  Chilian  mines ;  also  common  in  Pero ,  Boli- 
via, and  Uexioo.  At  Bristol,  Oonn.,  it  haa  been  found  abundantly  in  good  cryatala.  Found 
maBsive  at  Hahoopeny,  Penn.,  and  in  other  parts  of  the  same  State;  also  at  Cheeterfleld, 
Mass. ;  also  in  New  Jersey.    A  common  ore  in  Canadi^  at  the  Acton  and  other  mines. 

Alabanditb  (MangangUni,  Oemt.). — Hn3=Sulphur86'7,  manganen  63.3=100.  IsomeC- 
do.    Cleavage  onbio.    Color  blaok.    Streak  green.    Ptom  TnniylTiuiia,  eto. 

QBONAuns.— A  fnlphide   oont^nlng  niokal,  bismath,    iron,   oobalt,    oopper.     From 


(ft)   Blende  Orot^.    Isometric ;  tetiahedral. 
.    SFHALBBim  m  Z£SG  BLHKDB.    Blaii'Jack,  Bngt.  Jtiiun. 

iRometric:  tetrahedral,  Oleavage:  dodecahedral,  highly  perfect  Twins 
twinning-plane  1,  as  in  f .  429.  Also  butryoidal,  and  oUier  imitative  shapes ; 
■ometinies  fibrous  and  radiated  ;  also  massive,  compact 

H.=3-5-4.  G.=3'9-4-3.  4*063,  white.  New  Jersey.  Lnrtre  resinona 
to  adainanite.    Color  browD,  yellow,  black,  red,  green  ;  white  or  yellow 
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when  pure.      Streak  white — reddish-brown.     'RwMparent— tramsltoent 
Fracture  conchoidaL    Brittle. 


Oomp^Var. — ZaS^Solphni  33,  sino  67=100.  Bat  often  haTingpartof  the  Etna  replace 
bj  Iron,  and  eometimea  bj  oodminm ;  nlso  containing  ia  minute  qnantitieB,  thnllium.  iodiam, 
And  KalliDm.  Tar.  1.  OrdiTutr;/.  Containintr  little  or  no  iron;  colon  wb  its  to  .yellowlBh- 
bcowD,  BDiaetimea  block  ;  Q,  ='6  9-4-1.  2.  Perriferout ;  MarmatiU.  Containing'  10  p.  c  oi 
more  of  iron;  dnrk-brown  to  black  j  6.=.t'0-4-2.  The  proportion  o(  iron  sulphide  to  Bine 
snlphide  varies  Irom  1  ;  5  to  1  ;  2.  3.  Oadmiferrmt ;  Prnbriimite.  The  amonnt  of  oadrainm 
proHent  in  any  blendn  thiiH  for  annJjrxed  is  less  than  S  per  cent.  Each  of  the  above  varietjei 
may  ooour  {a)  in  crystalii;  (ft|  flnn,  fibrooJi,  oc  eolumnnr,  at  timea  radiated  or  plamoae  ;  (o) 
oleavable,  massive,  or  foliated  ;  (d)  grannlar,  or  compact  massive. 

Pyr.,  Ate. — In  the  open  tnhe  snlphurous  fumes,  and  geaerall;  changes  color.  B.B.  on 
chamoal,  in  It.  P.,  some  varieties  Rive  at  first  a  reddish-brown  coating  of  cadminm  oxide,  Bod 
later  a  oonting  of  sunc  oxide,  whioh  ia  yelloir  white  hot  and  white  after  cooling.  With  cobalt 
solution  the  zinc  coating  gives  a  green  color  when  heated  in  O.F,  Most  varieties,  after 
roasting,  give  with  borax  a  reaction  for  iron.  With  soda  on  oharooal  In  B.F.  a  stroi^  green 
sine  dame.  DilBcultly  fusible. 
DiFaolvei<  in  hydrochloric  acid,  during  which  salphurettod  hydrogen  is  diseogaged.  Some 
,   ■pecimeDH  phoaphoiesce  when  atmck  with  a  steel  or  by  friction. 

DiS. — Oeneriiily  to  be  distingnished  by  its  perfect  cleavage,  giving  angles  of  60'  and  120' ; 
bj  its  resinous  lustre,  and  also  by  its  infusibility. 

Obt — OccuiB  in  both  crystulline  and  sedimentary  rocks,  and  is  usually  associated  witli 
galenite  ;  also  with  barite,  chslcopyrite,  fluorite,  Hiderite,  and  frequently  in  silver  mines. 

Derbyshire.  Cumberland,  and  Corawall,  afford  different  varieties;  also  Transylvania;  Hon- 
gary ;  tbe  Han;  Sahia  in  Sweden;  Ratieborzitz  in  Bohemia;  many  Saxon  localities. 
Splendid  orystals  in  dolomite  are  found  in  the  BinnenthaL 

Abounds  with  the  lead  ore  of  Missouri,  Wisconsin,  Iowa,  and  Illinois.  Ill  JV.  York,  Sulli- 
van Co. ,  near  Wurtzboro' ;  in  St.  Lawrence  Co.,  at  Cooper's  foils,  at  Uineral  Point ;  at  the 
Anoram  lead  mine  in  Oolnrabia  Co.  ;  in  limestone  at  Lockport  and  other  places,  fti  Mam., 
at  Sterling  '  at  the  Southampton  leiad  mines  ;  at  Hatfield.  In  N.  Hmt^.,  at  the  Eaton  lead 
mine ;  at  Wanen,  a  large  vein  of  black  blends.  In  Maine,  at  the  Lubec  lead  mines,  eto. 
In  Owin. ,  at  Boiburj,  and  at  Lane's  mine,  Monroe.  In  JV.  Jeriey,  a  afiile  variety  at  Frank- 
lin. In  Penn..  at  the  Wheatley  and  Perkiomen  lead  mines  ;  near  Friedensville,  Lehigh  Co. 
In  Virginia,  at  Anstin'i  lead  mines,  Wythe  Co.  In  Michigan,  at  IMnce  vein,  LiUce  Superior. 
In  lUinoit,  near  Rosiclare ;  near  Oalena,  in  stalactites,  oovered  with  pyrite,  and  galenit« 
In  Witeoniiiii,  at  Mineral  Point.     In  Ten,nes.iee,  at  Eaysboro',  near  Nashville. 

Named  Ikemle  becanse,  while  often  rosembling  galena,  it  yielded  no  lead,  tlie  wMd  in  G«r 
man  meaning  IMad  or  <leaeiving.     SpliaUriU  ia  bom  <r^a\if>j>,  tnaeh&rou*. 


(o)  (^udoocite  Cfrovp.    Orthorhombic 
□.*  Tallnnnlber,  Germ. 


Orthorhombic,  and  resembling  ch&lcocite.    Cleavage  indistinct-    Hu 
dvc ;  compact  or  fine  grained ;  rarely  coarse-granular. 


SULPIUUES,  TELLTTBIDBS,   BBLENIDBS,  VSO.  ^ioV 

H.=3-3-6.  G.=8-3-8-6,  Lnstro  metallic.  Color  between  lead-gray 
and  steel-gray.     Sectile.    Fracture  even. 

Oomp— Ag:iTe=Tel]nriam  S7'3,  sQTer  63-S=I00.    SilTer  soinetiiiaes  repl&oed  in  part  bj 

Pyr. — In  Ihe  open  tube  a  faint  white  sablimate  of  telloroiis  oi[da,  which  B.B.  fnses  to 
oolorlem  globules.  On  charcoal  tnsea  to  a  black  globule  ;  this  treated  in  R.F.  presenta  on 
oooiing  white  dendritio  points  of  silver  on  its  surface  ;  with  Boda  gives  a  gtibale  of  silTOr. 

Oba. — OccuFR  in  the  Altai,  io  Siberia,  in  a  talcoae  rock  ;  at  Sagya^  in  Transylvania,  and  at 
Betzbanya  in  Hungary ;  Staniaiaua  mine,  Calaveras  Co.,  CaL;  Eed  Cloud  mine,  Colorado; 
Province  of  Coquirabo,  Chili 

pRTZiTB.^DififerB  from  hessite  in  that  gold  replaces  mnch  of  the  (diver.  E.=2'&.  0.= 
B72-8-83,  Pets;  9-0-4,  Kilatel.  Color  betvreen  Bteel-gray  and  iron-black,  aometimea  with 
pavonine  tamiih.  Streak  iron-black.  Brittle,  Analysia  by  Q«nth,  from  Ooldea  Rnle  mlna, 
tellurium  82-68,  silver  41-8(1,  gold  35-80  =  100-14.  Oecntsat  Nagjag,  Stanislaus  mine, 
California,  and  several  localiliFS  la  Colorado. 


AOANTHmO. 

Oi-thorhombic.  /A  /  =  110°  54' ;  0  A 1-J  =  124°  42',  Danber ;  6:1:4 
=  X-4442  :  1-4523  :  1.  (?Al-i  =  135°  10' ;  (?Al  =  119°  42'.  Twins: 
ptirallel  to  1-t,  Crystals  usually  slender-pointed  prisms.  Cleavage  iiidis- 
•iuct. 

n.=2'5  or  under.  G.=7-16-7-33.  Lnstre  metallic  Color  iron-black 
or  like  argentite.     Fracture  uneven,  giving  a  shining  surface.     Sectile. 

Oomp.— AgiS,  or  like  argentite.     Snlphnrl3'9,  diver  87-1=100. 
Pyr.— Same  as  for  argentite,  p.  ?"' 
Obs.— F.       "    ■ 


—  Found  at  Joachimsthal ;  also  n 


,r  Frelbei;  in  Saxony. 


OH&IiOOCITB.    Chaleosine.     Titreoua  Copper,     Copper  Qlanoe,     Eapferglanz,  Oemu 

'Orthorhombic.  I A 1=  119°  35',  0  A  1-i  =  120°  57';  -^ :  i  :  (J  =  1-6676  : 
1-7176:1;  Ca1=117°24';  Oa  l-r=  135°  52'.  Cleavage: /,  indistinct. 
Twins :  twinniug-plane,  /,  producing  hexagonal,  or  stellate  foi-ms  (left  half 


Bristol,  Ck  Bilrtol,  OL  Bristol,  Ot 

of  f.  432) ;  also  f-S,  a  cmciform  twin  (f.  482),  crossing  at  angles  of  111" 
Mid  6i)° ;  f.  433,  a  cruciform  twin,  having  O  and  /  of  one  crystal  parallel 
respectively  to  ii  and  0  of  the  other.  Also  massive,  structure  granular, 
ur  compact  and  impalpable 
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H.=2-6-3.  G.=6-5-6'8.  Lustre  metallic.  Color  and  streak  blackisi 
lead-gray :  often  tarnished  blue  or  green  ;  streak  sometimeB  Bhining.  Frac- 
ture eoncboidal. 

Oomp.— Ca,S=Si]]phai  20-3,  copper  79-8=100. 

Pyr.,  oto. — Yields  nothiii^  vol&tile  In  the  olooed  tiib&  In  the  open  tube  givm  o9  mlphtir- 
ouB  fumes.  B.B,  on  oharcoal  melts  to  a  (^obiile,  wbloli  boila  wltli  spiitiiiK;  with  sotUu 
tednced  to  meliallia  copper.     Soluble  in  ultrio  add. 

Obi. — Cornwall  affordi  Bplendld  cryBtala.  The  oompact  and  DiMUTe  rarietiea  oocni  ia 
Siberia,  HexBu,  Saxony,  the  Banat,  eta. ;  Ht.  Oatlni  mines  in  ToaoaDj :  Mexioo,  Fera. 
Bolivia,  Chili. 

In  tlia  United  States,  it  has  been  found  at  Bristol,  Conn.,  in  Jxcge  and  brilliant  cTystala. 
In  Virginia,  in  tbe  United  States  ooppei  mine  district.  Orange  Co.  Betreen  Ifewmarket  and 
Taneytown,  Uurjland.  In  Arizona,  near  La  Pas  ;  in  H.  W.  Banonk  In  Nerada,  in  Waaboe, 
Hnmboldt.  ChutcbUI,  and  Nje  Co*. 

Harribitb  of  Sbepaid,  from  Canton  mine,  Q«oigIa,  la  ohaloocite  wiUi  the  oleaT^e  of 
^enite  (paendomorphoos,  (Jentli). 

STBOMU  V  UUITU    SIlbeiknpfeiKluia,  CUrm. 

Ortliorlioinbic :  iBOinorphoiiB  with  chalcocite.  IaT=H.9''  35'.  Also 
massive,  compact. 

H.=2-5-3.  G.=6-2-6-3.  Lustre  metallic.  Color  dark  steel-gray. 
Streak  sliining,     Fractui-e  subconcboidal. 

Oomp.— AgCn8=Ag,S+Cu,S=Salpbnf  ]5-7,  mlver  58-1,  copper  81-3-=100. 

PTt-i  eto.—FuBe*,  bot  gives  no  sabUmate  in  the  oloaed  tabs.  In  tbe  open  tube  tolphnroiu 
fames.  B.B.  on  charcoal  in  O.F.  fates  to  a  leiDl-nialleable  globule,  which,  treated  with  the 
an.Tos,  reacts  strongl/  fot  copper,  and  cnpelled  with  lead  gives  a  silver  ^obole.     Soloble  in 


STERKBBBOITE.^Aniion-sllTersQlphidfl, 'AgFe,B|.  JohMmgeorgenrtadtandJoaohimathaL 


{d)  PyrrkotUt  Group.    Hexagonal. 

V     dMNABAR.    Zlnnober,  Oerm. 

BAji=n''8Q',  i?AO  =  127°6';  ^  =  M448.  Ae- 
cording  to  BesCloizeaux,  tetartohedral,  like  quartz. 
Also  granular,  massive ;  sometimes  forming  super- 
ficial coatings. 

Cleavage:  /,  very  perfect  Twins:  twJnning- 
plane  0. 

H=2~2-5.  G=8-998,  a  cleavable  variety  from 
Ifeumarktel.  Lustre  adamantine,  incliniiitr  to  metal- 
lic when  dark-colored,  and  to  dull  lu  fiiable 
varieties.  Color  cochineal- red,  often  iiitOining  to 
brownish-red  and  lead-gray.  Streak  scsrlct,  sub- 
transparent,  opaqite.  Irarture  subcouch'-idal.  niiv- 
even.     Seutile.    Polarizaticu  circular. 

zlS'S,  nunnuy  MIslDO.  SometiiiMi  bnpon  Fiomalaj. 
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Pyr.— In  the  olosed  tube  a  black  mblimato.  Oorefollr  heated  in  tbe  open  tube  givea  nnl- 
pbuTona  fumes  and  metallic  mercury,  oondenaiDg  in  minate  gtobnlea  on  the  cold  walU  of  the 
tnbfl.     B.B.  on  charcoal  whoUj  Tolatile  if  pare. 

Obn. — Ciunabar  occurs  in  b^H  in  slate  rocks  and  shales,  and  rarel?  in  granite  or  porphyry. 
It  has  been  observed  in  veins,  with  ores  of  iron.  The  moat  important  European  beds  of  tiji 
ore  ara  at  Almadea  in  Spain,  and  at  Idcia  in  Carniola.  It  ocodts  at  Beichenan  and  Windis^ 
Eappel  iu  Curiiitbia;  in  TranaylToma;  at  liipa  In  Tosoan;;  at  Sobemniti  iu  Hungary;  \a 
the  UnOs  and  Altai ;  iu  China  abundantly,  and  in  Japan  ;  San  Onofre  and  elsewhere  in  Mexico ; 
in  Soatbem  Pern ;  forming  eitensire  mines  in  California,  In  tho  ooaat  rangSR  the  principal 
mines  ai-e  ut  Kew  Ahnaden  and  the  Yicinity,  in  Santa  Clara  Oo.  Also  in  Idaho,  in  IIineBtone, 
abnuduit. 

Thia  ore  ia  the  sooroe  of  the  meronry  of  commeice,  from  which  it  ia  obtained  by  anbtima 
tion.     When  pure  it  is  identical  with  the  monnfoctured  VNTaiiion  of  comiaerce. 

Metaciknabaritr  (ifoore),—A  black  mercury  sulphide  (HftS).  Bately  orystaUii/.d 
H.=8.     Q.— T'TS.     Lnstie  metal !io.     Itedington  mine,  Lake  Co.,  Cal. 

ttUADAl.CAZAKlTE. — .EsscntiBlly  HgS,  with  part  (^Al  of  the  sulphur  replaced  by  scleninm, 
and  part  of  the  metcuiy  replaced  by  liDd  [Hg:Zn=0;  1,  Petersen;  —12  :1,  Ilainm.).  Mftsidve. 
Color  deep  block.  Quadaloaxai,  Ueiioa  IiKTiaLiANITK  ie  ft  termginpiiB  variety  txtaa 
LerigliAni,  Italy. 

Hn4LBBrFE.*  Oapillaiy  F^te*.    Haaikiefl ;  Kiokelklea,  Otnu. 

Rhomljohcdial.  7i?A^  =  144"  S'.Miller.  c  =  0-329B5.  OAli=l5d''10: 
Cleavage :  rhombohedi'dl,  perfect.     Usual  in  cauillai-y  crvBtals.     Also  in 
columnar  tufted  ouatiiigs,  pai'tly  Beini-plobiilar  and  i-adiatcd. 

H.=3-3-5.  G.=4-6-5-65.  Lustre  metallic  Color  l)i-a8a-yellow,  inclin- 
ing to  bronze- je How,  with  often  s  gray  iridescent  tarnisli.  Streat  bright 
Brittle. 

Oonip.-NiS=SaIpbtii  85  6.  nickel  64 '4=100. 

Pyr.,  ate — In  the  open  tnbe  sulphurous  fames.  B.  B.  on  charcoal  f oses  to  a  globule.  Whan 
roast«d,  ^ves  with  borax  and  salt  of  pboai]horus  a  violet  bead  in  O.F.,  beoomiD^grayin  ILF. 
from  reduced  metallic  uickeL  On  charcoal  in  B.F.  tba  roosted  mineral  givea  a  coherent 
metallio  mass,  attractable  by  tha  mogtict.     Soluble  in  nitric  acid. 

Oba. — Found  at  Joachimsthal ;  Pizibnuu ;  Biechelsdorf ;  Andraaaberj;  several  localities 
tn  Saxony ;  Coniwall. 

Oocnra  at  tbe  Sterling  mine,  Antwerp,  N.  Y.  ;  in  Lanoaater  Co.,  Pa.,  at  the  Gap  mine ; 
with  dolomite,  and  penetrating  colcite  ciyxtaln,  in  cavities  in  limestone,  at  St.  Loni^,  Mo. 

Bkykiciiite  (iwie).— Formula  NijS,  =  Salphur  430.  nickel  56'4  =  100.  Color  leod-Kray. 
Oooura  In  radiated  groups  with  miUeiite  in  the  Westerwald. 


V  PTHRH^OTITH.    Magnetio  Pyrites     Mognetldei,   Omm. 

Hexagonal.     OM  =  135°   8';    i  =  0fi62.      Twins:   twinning-plane   1 
(f.  435).  Cleaves :  0,  perfect ;  I,  leea  so.  Commonly  ^^ 

massive  and  amorphoiiB;  structure  granular. 

II.=35-4S.  G.^4-4-4-68.  Lustre  metallic. 
Coliir  between  bronze-yellow  and  copper-red,  and 
subject  to  ppeedy  taniiah.  Streak  dart  grayish- 
black.  Brittle.  -  Magnetic,  being  attractable  in 
Hue  powder  by  a  magnet,  even  wueu  not  affecting 
an  oniinary  needle. 

Oomp — (1)  Mostly  Fe,S,sSDlphur 39-5,  iron 60-5=100:  bnt  TaryingtoF8,S„Pa.8,,  and 
Fe,.S,i.     Some  varieUes contain 8-a.p.o.niokeL     ifor&wfl««oontainB(Wapi6r>12p.o.  Ni. 
PTt.,  etc— Unchanged  in  the  oloeed  tube.     In  the  open  tnhe  give*  tolphnroni  oxids.     Oi 

16       ■  r v.,„,^„ 
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cboicool  la  R.P.  fncea  to  &  blook  magnetio  moM ;  In  O.F.  b  oonverted  into  Inm  miqniMddt, 
which  with  floxee  KiTsa  oolj  on  iron  leaotion  when  pore,  bat  mtny  Tarietiaa  jield  stDftll 
amannta  of  nickel  and  cobalt.    Decomposed  b;  muriatic  ucid,  witli  eiolnlion  of  (alpbaiBUed 

hydrogen. 

Di(t. — DiBtinguiHhed  bj  its  magnetic  ohaiacter,  and  b;  its  bronze  color  on  the  fieah  tntotote. 

Oba, — Occurs  in  Nor  tVBj ;  in  Sweden  j  at  Andieaaberg ;  Bodenmaisin  Bavaria;  N.  Tagilok; 
in  Bpain ;  the  lavu  of  VesnTioB ;  OomwalL 

!□  N.  America,  in  Vermont,  at  Stafford.  Corinth,  and  ShrewBhoiy ;  in  many  parts  ol 
HasBacbuBctts ;  in  Coonecticat,  in  Tmmbull,  in  Honroo  ;  in  N.  York,  near  Natural  Bridge 
in  Diana,  Lewis  Co.  ;  at  O'Neil  mine  and  elsewhere  in  Oiinge  Co,  In  N.  Jeraej,  Morris  Co., 
at  Huidetown.  In  FemisjlTonia,  at  the  Gap  mine,  Lancaster  Co. ,  niocolifeious.  In  Tennes- 
see, at  Ducktown  mines,     la  Canada,  at  St.  Jerome  J  Klixabethtown,  Ontario  (f.  435],  etc. 

The  niccoliferous  pjrrhotdte  is  the  ore  that  affords  the  moat  of  the  nickel  ol  commerce. 

Troilite^ — According  to  the  latest  investigatJons  of-  J.  Lawienoe  Smith,  composition 
PeS,  iron  proto-Bulphide  ;  that  is,  iron  OS  8,  sulphur  80-*=100.  Oocnra  only  in  iron  meteor- 
ites.' Dac BR li ELITE  (Smith),  — GompomtionCrgSi.  Observed  in  the  meteoric  iron  of  Northent 
Hexico ;  occurring  on  the  bordets  of  troilite  nodnles.  Similar  to  l/iepnrditt,  HaidiDgei 
(=tehreibtraite,  Shepard),  described  bj  Shepard  {IW!)  as  ooaurriug  iu  the  Bishopville,  S.  0., 


aREBNOOKITB. 

Ilexagoiial;  liemimorpliic  (? A 1  =  136°  24' ;  e  =  0-8247.  Cleavage: 
/,  distinct;   0,  imperfect. 

II.=3-3-5,  G.=4-8-4-999.  Liiati'e  adamantine.  Color  honey-yellow; 
citron-yellow ;  orange-yellow — veiued  parallel  with  the  axis ;  bi'onze- 
yellow.  Streak-]x>wder  between  orange-yellow  and  brick  red.  Nearly 
transparent.     Strong  double  refraction.    Not  thermoelectric,  Breithanpt, 

Oomp.— CdS  (or  Cd,S,)  =  Snlphnr  23-2,  oadiam  77-S. 

Pyr.,  etc.— In  the  closed  tnbe  assumes  a  carmina-red  color  while  hot,  fading  to  the  original 
yellow  on  cooling.     In  the  open  tube  gives  stdphuious  oxide.     B.B.-  on  charcoal,  cither  ^one 
'  h  soda,  gives  in  RF,  a  reddish-brown  ooating.     Solabte  In  hydrochloric  acid,  evolving 
retted  hydrogen. 

— Octmrs  at  Bisboptown,  ij)  Renfrewshire,  Scotland;  also  at  Pmbram  in  Bohemia; 
on  sphalerite  at  the  Uet>erolJk  zinc  mine,  near  I^edensville.  Lehigh  Co.,  Pa. ,  and  at  Granl^, 
Ho. 


HIOOOIiITB.    Oopptt  NiokeL     Euptetnickel,  Bothnickelkies,  Qfrm. 

Hexagonal.  (?  A 1  =  13°6  35' ;  i:  0-81944.  Usually  massive.  strnetHre 
nearly  iiiipafpable ;  also  reniform  with  a  ct,>lumnar  structure;  also  reticD- 
lated  and  arboi-eecent. 

H.=5-5-5,  G.=7-33-7-671.  LiiRtre  metallic.  Color  ^wile  copper-red, 
with  a  gi-ay  to  blackish  taniish.  Streak  pale  bi-owuish-black.  Opaque. 
Fracture  uneven.     Brittle, 

Oomp.— NlAs  (or  Ni|Ae,)  =  AreenicSG'4,  nickel  43-6=100;  sometimes  port  of  the  artenio 
replaced  by  antimony. 

Pyr.,  etc— In  the  closed  tube  a  faint  white  crystalline  sobliroata  of  areenons  oxide.  In  the 
open  tub"  nrsenouB  oxide,  with  a  trace  of  sulphiirons  oxide,  the  assay  becoming  yellowish- 
gieea  On  charcoal  gives  arsenical  fumes  aud  fuses  to  a  g-lobule,  which,  treated  with  borax 
glass,  jffords,  by   snccesaive  oxidation,  reactions  for  iron,  cobalt,  and  nickel     Soluble  in 


.Ol.^H 
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Obs. — Ooonn  U  Mreral  Saxon  mines,  alio  in  Thniin^a,  Hesae,  Mid  StyrU,  and  at  Alio- 
uontui  DaDpliiii;;  oooaaiooall;  in  Cornwall;  Chili;  abundant  at  AGca  de  la  Eioja,  in  tli« 
AigentinQ  Provinoea.     Found  at  Chatham,  Conn.,  in  gneiga,  aagoiiated  with  amaltite. 

Bbeithauftitei.— Compocdtion  If iSb= Antimony  (tT'S,  uiokel  82'2=ll)0.  Color  light 
<wppiir-r«d.     Androaabev. 

AaiTB  — Ae  anlinuinifeion*  niooolite,  containing  38  p.  a  Sb.    BBaaaa-Fjzaaioa ;  WoUaoli, 


a   DEUTO    oa   PYRITE    DIVISIOIT.  * 
(a)  Pyrii6  Oroup. 


/ 


FVaim.*  lion  PTxitea.    Sohwafelldes,  KmuUm,  Qtrm. 


Isometric  ;  pyritohedral.  The  cube  the  most  common  form ;  the  pjTito- 
'  .eiiron,  f .  92,  p.  23,  and  related  forms,  f .  94,  95,  96,  also  veir  common. 
See  also  f.  103,  104,  105,  p.  24.  Cubic  faces  often  striated,  with  striations 
of  adjoining  faces  at  right  angles,  and  due  to  oscillatory  combination  of  the 
cube  and  pyritohedron,  the  strite  having  the  direction  of  the  edges  between 
O  and  *-2.  Crystals  sometimes  acicular  through  elongation  of  cubic  and 
other  forms.  Cleavage :  cubic  and  octahedral,  more  or  less  distinct.  Twins: 
twininr^plane  ?,  f.  276,  p.  93.  Also  rcuifonn,  globular,  stalactitic,  with  a  t 
crystalline  surface;  sometimes  radiated  subfibrous.     Massive.  ' 


TI.=6-6'5.  G.=4'83-6-3.  Lustre  metallic,  splendent  to  glistening. 
Color  a  |iale  brass-yellow,  nearly  unifonn.  Streak  greenisli  or  brownish- 
black.  Opaque.  "Fracture  conohoidal,  uneven.  Brittle.  Strikes  fire  with 
Bteel. 

Oomp.,  V«r FeS,=Sulphnr  53-3,  iron  48-7=100. 

copper,  Bometinies  replace  a  little  of  the  iron,  or  else 
times  piesent,  di&tribnted  invitiblj  through  it. 

Pyr.,  ote.— In  the  cloRod  tube  a  sublimate  of  autphor  and  a  maifnetio  residua.  B.B.  on 
charcoal  giTea  oft  nalphur.  baming  with  a  blue  flame,  leaving  a  residue  which  reaota  liks 
pyirliotite.     Insoluble  in  hydrochlorie  Boid.  bnt  decomposed  by  nitric  acid. 

D iff.— Distinguished  from  chaloopyrite  by  it«  greater  hardness,  ainoe  it  cannot  be  cot  with 
akniFe;  ds  also  by  its  pale  color  ;  from  mareaaite  by  its  specilia  gravity  and  color.  Not 
malleable  like  gold 

Obi.— Pyrite  occurs  abondontly  in  rocks  of  all  agea,  from  the  oldeat  c^atalline  nxdn  to  tlu 
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moat  ie«ent  allaTial  dopotito.     It  tunallr  ooonn  In  small  oabea,  aluo  In  liregnlar  i|iheiuldal 
noduleB  snd  in  veina,  iil  clay  slate,  aigUlaceaiis  Bandatonee,  the  coal  formation,  eto.    Tha 

Cornwall  mines,  Alntun-Moor,  Derbjahire,  Fahtan  in  Sweden,  Kongabaig  in  Norway,  Elba, 
TraTCrHElla  in  Piedmont,  Pei^,  are  wellkoown  localitJeB. 

Occurs  in  New  Euglruid  at  many  plaoea  :  as  thu  Vernon  alate  quarries ;  Roxbnij.  Conn.,  eto. 
In  JV.  I'ork.  nt  Hot^ie,  at  Schoharie ;  in  Orange  Co.,  at  Warwick  and  Deerpark,  and  man; 
other  plnoea.  In  PenuayUania,  at  Little  Britain,  Iianoastet  Co,  ;  at  Chester,  Delawnre  Co, ; 
ill  Ctirbon,  York,  and  Cheater  Cog. ;  at  Cornwall,  Lebanon  Co.,  eto.  In  Wii/xmtiii.  near 
Mineral  Puinb.  In  JV.  Cur.,  near  Qreenaboro',  Guilford  Co.  Aariferoua  pyrita  la  common  at 
the  mines  of  Colorado,  and  many  of  thoae  of  California,  as  well  aa  in  ViiEinia  and  the  StaCea 

BOUth. 

This  species  aSorda  a  considemble  part  of  the  iron  snlpbateand  snlphnric  acid  of  commerce 
and  alao  much  of  the  sulphur  and  alum.  The  aiuiferoiu  vadety  is  worked  fot  gold  in  man; 
gold  regions. 

The  name  pfffiU  ia  derived  from  ria,  fire,  and  alludes  to  the  sparks  from  friction. 

H A UBsrrt:,— Composition  HnS,=&nlphnr  63-T,  manganese  10-8=:100.  laometrio.  Color 
mddiBh-brown.    KitlinVa..  Hun^i^. 


OHAXfOOFTBITO.*  Copper  Pyritea.     Enpfoikiea,  Gm-nL 

Teti-tta^nftl ;  tetrahedml.  0a14  =  135°  25';  6  =  098556;  Oa1  =  125' 
40' ;  1 A 1,  pyr.,  =  109"  53' ;  1 A 1  (f.  440)  =  71°  20'  and  70"  7'.  Oleav- 
age :  iJ-i  sometimes  distinct ;  0,  indistinct.  Twine ;  twinniDg-plane  1-4 ; 
tne  plauB  1  (see  p.  94).     Often  massive. 


FL=35-4.  G,=4'l-4'3.  Lnotrc  niolallic.  Color  brass-yellow  ;  subject 
to  taniisb,  and  often  iridescent.  Streak  greenish-black — a  little  sblnin;;. 
Opaque.     Fmcture  coiichoidal,  uneven. 

Oomp,—CDFe3i= Sulphur  84-S.  oopper84-6,  iron  80*S=100.     Some  analyses  giTC  otbei 

proportions ;  but  probably  from  mixture  with  p;tite.  There  are  indeftoite  mixtures  of  the 
two,  and  with  tbe  increase  of  the  latter  the  color  becomes  paler. 

Thia  speciea,  although  tetragonal,  is  very  closely  isomorphoue  with  pyrite,  tlie  vaiiation 
from  the  cubic  form  being  alight,  the  yerlicol  aiia  being  0B8fl5(l  instcmi  of  1, 

TrHceH  of  selenium  have  been  noticed  by  Kersten  in  an  ore  from  Beinsberg  near  Preiberg. 
Thallium  is  a!so  present  in  some  kinda,  and  more  frequently  in  this  ore  than  in  pjrite. 

Pyr,,  etc.— In  the  closed  tube  decrcpitotes,  and  gives  a  sulphur  sublimate  ;  in  the  open 
tube  BnlpharoiiB  oxide,  B.  B.  on  charcoal  gives  sulphur  tomea  and  fnscs  to  a  magnetic  glo 
bnle.  The  roosted  ore  reacts  for  copper  and  iron  with  the  fluxes  j  with  soda  on  charcoal 
gives  a  globule  of  metnllic  iron  with  copper.  Disaolvee  in  nitric  acid,  excepting  tbe  sulphur, 
and  forms  a  green  solntion  ;  ammonia  in  exoess  changes  the  green  color  to  a  de°p  bine, 

DiS, — Distinguished  from  pyrite  by  its  inferior  haidneas,  it  can  be  easil;  soratohed  with 
Uie  knife ;  and  by  its  deeper  color.  Not  malleable  like  gold,  from  whioh  it  differs  also  in 
being  decomposed  by  nitric  omd. 

n  .J  ii/j'- ■;■-  V-  it.n.i>,;n^ 
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Oba. — Cbtloopjrtitt  is  tba  pitndp&l  ore  of  inpper  at  the  Cornwall  mineg.  Oconn  at  Prei' 
berg;  in  tho  Basnat ;  Hungtti;;  and  Tbuiiogia ;  in  Scotloud  ;  inTuacany ;  In  South  Australia ; 
in  Arm  crystalB  ftC  Uerni  Blonao,  Chili. 

A  common  rainenil  in  America,  some  localil^eBCLTit:  Stafford, Tt.;  Roasie.ElIenville,  IT.  T.; 
Phenixville.  eto.,  Penn.  Tbe  mines  in  Korth  Carolina  and  esBtern  Tennessee  afford  large 
qaaiitities.  Occuis  In  Cal. ,  in  differeat  mines  along  a  belt  between  Mariposa  Co.  and  Del  Kort< 
Co..  on  west  aide  of.  and  parallel  to,  the  chief  gold  l»elt;  occurring  massive  in  CalaveiBB  Co.; 
in  Huripoaa  Co..  eto.  Id  Canada,  in  Perth  and  near  Sherbrooka;  extensiTely  mined  at 
Brace  minen,  on  Lake  Huron. 

I'iaincd  from  xi^*"!:  bynm.  and  p}/Hte».  bj  Henckel.  who  obaerres  in  his  Fyritology  (ITS^^) 
Ihit  ohaloopyrite  if  a  good  distinctive  name  for  the  ore, 

CuiiAMTK  is  CuFeiSi,  or  CuFciSi  (Scheidhauer). — Occnrs  massive  ftt  Barraconao,  Cuba; 
TnnaDerg,  Swedan. 

BAUSUAitDTiTB,  from  Horth  Carolina. — Oomposition  ancertain,  perhaps  Cn.FeiSi.  It  maj 
be  partly  altered  from  ohalcopTrite. 

STANNn'K  (Zinnkiea,  Qerm.). — A  mlpbide  cont^ning  38  p.  o.  tin ;  alao  oopper,  iron,  and 
ritw     Hbsbto.     Color  steel-gray.     ChieSy  from  ComwaJl,  also  Ziimwald. 


IiINH.ffirTB.    EoboltniokelUe*,  0«rm. 

iBometric  Clea-vage:  cubic,  imperfect.  Twiue:  twinning-plane  ocra- 
hedral.    Also  massive,  graiinlar  to  compact. 

H.=5'5.  G-.=;48-5.  Lnsti'e  metftllic.  Color  pale  steel-gray,  tarnifihing 
copper-red.     Sti-eak  blackish-gi-ay.     Fractm-e  uneven  or  aiifcconclioidal. 

Oomp— CojSj  (or3CoS+CoS,)=Snlphnr  43-0,  cobalt  580=100;  but  having  the  cobalt 
replaced  partl7  by  nickel  or  oopper,  the  proportions  yaiTing  very  much.  Tbe  MUsen  on> 
(liegeiUU)  contains  SiU-40  p.  o,  of  nickeL 

Pyr.,  etc  —The  variety  from  Miisen  gives,  in  the  closed  tube,  a  sulphur  sublimate  ;  in  the 
open  tnbe,  Bulphurons  fumes,  with  a  faint  sublimate  of  orHenons  oxide,  B.B.  on  charcoal 
gives  orsenicai  and  sulphurous  odors,  and  fuses  to  a  magnetic  globule.  The  roasted  mineral 
gives  with  tbe  fluxes  reactions  for  nickel,  cobalt,  and  iron.  Soluble  innitric  acid,  with  separa- 
tion of  sulphur. 

DiS- — Distinguished  by  its  oolor,  and  isometric  crystallisation. 

Obj, — la  gneiss,  at  Bastnaes,  Sweden;  at  Mitsen,  near  Siegen,  In  Pnusia;  at  Sioj^u 
{ticgenite),  in  octahedrons ;  at  Mine  la  Motte,  in  Missouri,  mostly  massive,  also  crystalline  - 
Md  at  Mineral  Eill,  in  Maryland. 


EMAIiTTTE*  Speiskobalt,  Qerm, 

iBOiuetric.  Cleavage;  octahedral,  distinct;  cubic, in  traces.  Alao  mas- 
sive and  in  reticnlated  aod  other  imitative  shapes. 

IL=5-5-6.  G.=64  to  7-2.  Lnsti-e  metallic  Color  tin-whito,  incliniDs, 
when  massive,  to  steel-gray,  sometimes  iridescent,  or  grayish  from  tarnisu. 
Streak  grayisli-black.     Fittcture  graunlar  and  uneven.     Brittle. 

Oomp^  Tar.— For  typical  kind  (Co,Fe,TIi)Aa,=  (If  Co,  Pe,  and  Kl  be  pi«tent  in  equal 
parts)  Arsenic  72-1,  oobalt  8  4,  nickel  9'.'i,  iron  8-0=100.  It  is  probable  that  nickel  is  never 
wholly  absent,  although  not  detected  in  some  of  the  earlier  analyssB  ;  and  in  some  kinds  it  if 
the  principal  metal.     The  proportions  of  cobalt,  nickel,  and  iron  vary  much. 

The  following  analyses  will  serve  as  examplca  of  tbe  diSenut  vi   ' 

As  Oo  Nl  Fe        Cn 

1.  Sohneeberg  70-37  1895  1-78  H-71 

2.  Alleraonttc««i«(Ai(t)7l-ll  18-71      IJ-83 

U.  itieidialsdorf  6043  10-80  2S*87     0-80    b»-ii=iuu. 

7480     879    ia-86      7-Stf    8 0  89=99-03 EAiatedfc. 
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Pyr.,  eta. — la  tbs  oloee  tabs  giTM  ft  mblimato  of  metoUIa  (tnenlo ;  In  the  open  tube  i 
wbite  sublimate  of  ajBenong  oxide,  and  sometimea  tiaoea  of  Bolphnrons  oxide.  B.B.  on  diar- 
cool  gives  an  Breenioal  odor,  and  fnsea  to  a  globule,  which,  treated  with  suooestLTe  portioni 
of  borax- gi DBS,  affords  leactioDS  for  iion,  cobalt,  and  nick^'L 

Obi. — Usual);  oocurs  in  veins,  aooompanjing:  ores  of  oobalt  or  nlokel,  and  ores  of  aHvei 
and  ooppei ;  also,  in  BOme  ingtanoes,  with  niocolite  and  araonopyrite  ;  often  having  a  coating 
of  annabergite. 

Occun  at  Schneeberg,  eto.,  in  Saxonj ;  at  Joaobimsthal ;  also  at  Wheal  Spsmon  in  Corn- 
wall i  at  Rif ohelEdoft  in  Hesae;  at  Innaberg  in  Sweden;  AUemont  in  DBaphind.  AIki  ia 
crystala  at  Mine  La  Hott«,  HJMOnri  AtCbatbam,  Conn.,  Uie  chloantUIte  {e/iath/imite)  uocnn 
in  mica  elate,  twaociated  generally  with  aiaenopjrite  and  aometimea  with  nicoolite. 

Spathiopyhitb  ia  oloaely  allied  to  amaltite.  witli  which  it  oocnrs  at  Biebei  in  Henen. 

SKDTTEStiDiTB  (Teeaeialkiea,  Gtrm.). — CoAst=^Ar8enio  792,  oobalt20  8=100.  laometria 
Bkntteznd,  Norw^. 


OOBAIiTlTZL    Olanoe  Cobalt     EobaltgUiu,  Otrm. 

Isometric ;  pjritohedral.  Oommonly  in  pyritohedrona  (f.  92,  95,  etc., 
p.  23).  Cleavaf^e :  cubic,  perfect.  Planes  0  striated.  AUo  massive, 
gramilar  or  compact. 

H.=5-5.  G.=6-6*3.  Lustre  metallic.  Color  silver-white,  inclined  to 
red ;  also  eteel-gray,  with  a  violet  tinge,  or  grayish-black  when  containing 
much  iron.     Streak  grayish-black.     Fracture  uneven  and  lamellar.    Biitrlo. 

Oomp.,  Var.— CoAbB  (or  CoSi-fCoAsO=Sn1phni  19-3,  arBeiila46'a,  oobalt  355=100.    The 

oobalt  ia  aometimea  lai^lj  replaced  b;  iron,  and  apaiinglj  by  coppeT, 

Pyr.,  eto.^Unoltered  in  the  oloaed  tube.  In  Uie  open  tube,  gives  sulphnroua  fumes  and 
a  oiyetolline  HublimaCe  of  oTBenoaa  oxide.  B.B.  on  charcoal  gives  off  snlphnr  and  aiaenio, 
and  fuses  to  a  magnetio  globule  ;  with  borax  a  cobolt-blne  color.  Bolnble  in  wann  nitric  aoid, 
•eparating  araenons  oxide  and  sulphur. 

Dift  — DifltiDguiBhed  by  its  reddiab -white  color:  also  by  its  pyrit«hedia]  form, 

Ob^.^Occnra  at  Tunaberg.  Hokonabo,  in  Sweden  ;  also  at  &liut[«md  in  Norway.  Othez 
localities  ore  at  Qnerbach  in  Silesia,  Siegen  in  Weatpbolia,  and  Botallaok  mine,  in  Cornwall. 
The' most  productive  mines  are  those  of  Tena  in  Sweden. 

This  Bpecies  and  amaltito  ntlord  the  greatot  part  of  tbe  smalt  of  commerce.  It  i*  alao 
employed  in  porcelain  painting. 


OERSBOm'l'Ti'U.    mokelanenikklei,  Aneoiknlckelglani,  Qerm. 

Isometric  ;  pyritohedral.  Cleavage :  cubic,  rather  perfect.  Alao  lamel- 
lar and  granular  raaseive. 

H.=5-5.  G.=5.6-6-9.  Lustre  metallic.  Color  silver-white— steel- 
gi»y,  often  tarnished  gray  or  grayish-black.  Streak  grayish-black.  Frac- 
ture 11 


Oomp.,  Tar.— Normal,  NiAsS  (or  NiS,-l-NiAa,)= Aiaenio  45-5,  ndphnr  ig-4,  nickel  83  1  = 
100.     The  conipoaitioii  varies  in  atomic  ptoportiona  rather  widely. 

Pyr.,  etc — In  the  clooed  tube  decrcpitatea,  and  givea  a  yellowisfa-brown  sublimate  of 
arsenic  enlphide.  In  the  open  tube  yields  snlphnrons  fnmea,  and  a  white  aublimate  of  orsen- 
ous  oxide.  B.B.  on  cborcoal  gives  aulphucous  and  garlic  odoia  and  fuses  to  a  globule,  which, 
with  borax-gloss,  gives  at  flrsC  an  iron  reaotion,  and,  by  treatment  witli  fresh  portiona  of  the 
flux,  oobalt  and  nickel  are  ancoesaively  oxidiied. 

Deoompoaed  by  nitric  add,  forming  a  green  solution,  with  iepalatlon  of  ablphur  and  Diwn- 

Oba.— Oocors at  LooB in  Bmden ;  in  the  Ban;  at  Schladraing  In  Btyria;  Kamadorf  iu 
Lowei  Tburiugia ;  Hanetaan,  ToisCland:  near  Bma.  Alao  found  aa  an  incrustation  si 
HiealXTiUe.  Fa. 
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Tft-LMAiIWITB.— mSbS  (Ni9,+NISb,)=Aiitamony  67-3,  milpliair  181,  nickel  377=1(10 
Genenlij  oontainB  also  tome  anenia     Color  BCeel-gray.     Si^^eii,  H&rzgen>d«,  etc. 

CkJBiNiTB:.~Ifii&s,Sb)3,  but  the  anenio  (38  p.  o.)iiiexcesaof  theantimoii;.  Olwi,  Cmiii- 
thiL  Woi.FACHiTB  (Peteraea),  from  Wottnoh,  Baden,  in  eimilai  ia  oompomtion,  bat  ii 
orthorhombio  in  form. 

Ladrite.— An  oaminm-iatbeninm  cnlphlde.  AnalTsia  (Wfihier)  Snlphni  81-79  lOamipH 
8-08],  Batheninm  05.18=100.  Ooonn  in  minute  ootehedions  from  the  pUtinnm-waehtLgi 
otBcnneo;  oa  ftljo  those  in  Ongon. 


(J)  JSiarcasite  Ortmp.    Orthorliombic 

'  f^    MAROABTTB.    White  Inm  FTritM.    Stnhlkias,  eta,  O^rm. 

Orthorhombic.     /A  7=  106°  5',  O  A  1-i  =  122°  26',  Miller ;  h\l '.&■=■ 
1-5737  : 1-3287  :  1.     OaI  =  116°  65' ;  £?a1-« 
=  130°  10'.     Cleavage;  7  rather  perfect;  l-«  «» 

in  tracea.  Twins :  twinning-plane  1,  aotnetimfig 
cniisiatiiig  of  five  individnaS  (see  f.  808,  p.  98) ; 
also  1-i.  Also  globular,  reniform,  ana  other 
imitative  shapes — atrnctiire  straight  columnar ; 
often  massive,  columnar,  or  gratiular. 

H.=6-6  5.  G.=4-678-4-S47.  Liistre  metallic.  Color  pale  bronze-yel- 
low, sometimes  inclined  to  green  or  gray.'  Streak  grayish- or  bi-oivnirfi- 
Hnck.     Fracture  uneven.     Brittle. 

Oomp.,  Var.— FbS„  like  pjrite=8nlphor  B3-8,  Iron  48  7=100. 

The  vnrietJsB  thnt  have  berai  cecogniied  depend  miiinl;  on  state  of  oiTstalliiation ;  na  the 
Radialad  [S'.r/i/iUeUt) :  Radiated ;  also  the  simple  ciyatals.  CoekKomb  {KammiMt)  :  Ag^e- 
pitionaof  flattened  crjitala  inte  crest-like  forms,  ^tar  [^leerkiei):  Twin  cn^EtalB,  with 
reentedeg  ongleB  a  little  like  the  head  of  a  Bpesr  in  form.  CSip^arg  (Ilaarlda) :  In  capil- 
lary crystal  Li  zations,  eto, 
,     Pyr.^Like  pyrite,     Tery  liable  to  deoompodtion ;  more  to  than  pyrite. 

Dlff. — DiHtiogoished  from  pyrite  by  ita  paler  oolor,  eipeoially  marked  on  a  fresh  inrfaoe ; 
by  its  tendency  to  tarnish  ;  by  its  Inferior  spedflo  gravity. 

Obs. — OccniB  near  Oorlsbad  in  Bobemla ;  at  Joachimsthal,  and  in  seTeml  parts  of  Saxony ; 
In  Derbyshire  ;  near  Alston  Moor  in  Onmberland ;  near  Tavistook  in  DeTonshire,  and  in 
Oomwall. 

At  Warwick,  If.  T.  UaadTe  fibrotu  varieties  abound  thton^ont  the  mica  slate  of  New 
England,  particularly  at  CDnuningtmi,  Haso.  Oocors  at  Iiane's  mii^e,  in  Hooroe,  Conn.  ;  in 
Tmmbnll ;  at  Bast  Haddam ;  at  HaTerMll,  N.  H.  ;  Qolena,  111. ,  in  stslactites.     In  Canada  in 


^    ABBZIHOPVUITB,  or  BOSPIOEBL.    Aaenlosl  Fyritesk    Ananflddea,  Qtnu. 

Orthorhombie.  7  A  7=  111'  53',  0  A  1-t  =  119°  37' :  <i :  X  :  <J  =  1-7588  : 
■l'4793:l.  Oa1=115''  12',  Oa1-«  =  130''  4'.  Cleavage:  7  rathw 
distinct;  (?,  faint  traces.  Twins:  twinning-plane  7,  and  1  ■«.  Alsocoluna- 
nar,  straight  and  divergent  j  granular,  or  compact 

H.=5-S-6.    G.=6-0-6-4;  6-269,  Franconia,  Kenngott    Lttrtre^melAllia 


x^ 
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C!olor  Bilver-whitei,  inclining  to  steel-gray.  Streak  dark  grayiBh-black.    Fna 
tnre  uneven.     Brittle. 


Franoonla,  B 


FitmooDia,  N,  H.,  and  Kent, 

=ArBeiiio48-0  salpbv 


Damiite. 


!  lS-0,  iron  34-4=100.     Part  o( 
e  also  occasionaUj 
■    i  4-10  p.  c.  of 


Ootnp.,TBT. — FeAs3=FeSi+FcAei— aiDciuuiu  ugBuiyuui  id 
the  iron  BometLniei  teploced  by  cobalt ;  a  little  nickel,  bismuth.  < 
present,     Tfas  coboltio  Taiictj ,  called  danaite  (after  J.  Freeman  Dana),  c 
cobalt. 

Pyr.,  etc. — In  the  oloaed  tnbe  at  Bnt  gives  a  led  sublimate  of  arsenio  sulphide,  then  a 
black  iDBtiooB  lablimate  of  metallic  arsenio.  In  the  open  tabc-gireB  enlphnraus  fames  and  a 
white  sublimate  of  araenona  oxide,  B,B.  on  charcoal  gives  the  odoi  of  aiBenic.  The  varictiei 
contAininK  cobalt  give  a  blue  color ftith  borax-glass  when  fused  in  O.F.  with  succesnive  pOT- 
tiocs  of  Sax  nntil  all  the  iron  is  oxidized.  Oivea  Are  with  steel,  emitting  an  Blljaceoua  odoi. 
Uecomposed  bj  nitrio  acid  vith  aepanttion  of  aneuous  oxide  and  BOlphur, 

Sifi. — Distinguiahed  b;  its  form  from  smaltite.  Laucnpyrite  (lollingite)  do  not  giva 
decided  sulphui  reactions. 

Obs. — Foond  priDcipolly  in  orystalliiie  rocks,  and  its  usual  mineral  associates  are  ores  at 
silver,  lead,  and  tin;  pjrite,  chalcopjrite.  and  spalerite.     Occurs  also  in  Kerpentine. 

Abundant  at  Freiberg ;  at  SeicheoBteinin  Bileeia;  at  Behlodmlng ;  Andrensbeig ;  Joachims- 
tbal ;  at  Tnnabeig  in  Sweden  ;  at  Skutterud  in  Norway  ;  in  Cornwall ;  in  Devousbire  at  the 

In  Neie  Ilampsftire,  in  gueiM,  at  Francoma  (danaite) ;  also  at  Jackxon  and  at  Haverhill. 
laifaine,  at  Blue  Hill,  Corinna,  etc.  In  FtrfflOTlt,  at  Brookfield,  Waterbnry,  andStockbridge. 
In  Mam. ,  at  Worcester  and  Sterling.  In  Conn. ,  at  Monroe,  at  Mine  Hill.  Roilinr;.  In  New 
Jertey,  at  Franklin.  In  N.  York,  massive,  in  Lewis,  ^aex  Co.,  near  Edenville,  and  else- 
where in  Orange  Co. ;  in  Carmel ;  in  Kent,  Fntnom  Co,  la  Ciilifomia,  Nevada  Co.,  Qrasa 
valle;.  In  &.  America,  ia  Bolivia ;  also,  niceMferav*  var.,  between  La  Fas  and  Tangos  in 
Bolivia  (anal,  hj  EroBber). 

LuLLiNUiTB  is  FeAs,  (:=Arsenia  72'8,  iron  £7'3),  and  Lbucoptbite  is  FeiAsg  (=:Ar8enio 
0B'U,  iron  33*3).  Tbey  are  both  like  orsenopyrite  in  fcrm.  Fonnd,  the  former  at  Liitliog  i 
Schladming -,  SSteraberg.  near  Foesum,  Norway  ;  the  latter  at  Beichenstein  ;  Geyer  (gejprite) 
near  UUttenborg.  Carinlliia. 

Qlaocodot  (Co,Fe)S,-!-(Co,FelAH,,  withCo  :  Fe=;3  :  1  ^Sulpbur  19-4,  aiBenic 45-5,  oobalt 
88'B,  iron  11-3=100.     Form  like  nreenopyrite.     Hnaaoo,  Chili;   Hakansbd,  Bwoden. 

ALLoCLiUtTB  Bt(As,Bi),Si,  with  B=Bi,CD,Ni,Fe,Zn.     Oravricza,  Hangary. 

/      BTLTANTm.    Qraphlo  Tellnriiim.     Sohiifteiz,  Sohtift-Tellnr,  Oerm. 

Moiioclinic.  (7=55°  21J', /A /=  94"  26',  (?  A 14  =  121°  21' ;  c:J: 
d  =  1'7732  :  0-889  : 1,  Kokacharof.  Cleavf^ ;  i-i  distinct.  Also  maEsive ; 
imperfectly  <x>liiiniiar  to  grannlar. 

H.=l*5-2.  G.=799-8'83.  Liiatre  metallic  Streak  and  color  pure  steel- 
gray  to  Bilver-wliite,  and  Boinetimea  nearly  braes-yellow.     Fmitnronnevea 

Oomp,Var.— (A((,An)Te»=(if  Ag:  An=l  :  l)TellnrinmS5-8,  gold  386,  allver  15-7=100 
Anttmonr  lonetimea  replaoea  part  of  the  toUiuiam,  and  laad  port  of  the  other  m«tala. 


BCUVAItSKHiniB,  BaiXVJLSnAOTtmB,  TTO. 

ehonsoul 

malleable  metaillia  g-Iobule  is  obtained.  Moat  Taiieliiea  give  a  laint  ooatuig  ol  the  oxides  tit 
lead  and  antimonj  on  cllarcoal. 

Obs.— Occurs  at  Ofteobanya  and  TSugjag  in  TranHjlTauia.  In  Califoroia,  Calaveras  Ca,  at 
the  Helones  and  Staiiislans  mines;  Red  Clond  mine,  Colorado. 

Nainnd  from  TranBylTanio,  the  conntry  in  which  it  o<30ar«,  and  in  allndonto»ylB(lniu7n,  one 
of  tbe  names  at  Gist  proposed  for  the  metal  boUuriam.  Called  graplUe  beoaoK  of  a  reaem- 
blaooe  in  the  arrangement  of  the  orTstats  to  writing  charaoteiB. 

Sohzanf  has  atat^  that,  according-  to  his  measarements,  sjlvanite  is  orOiorhombio. 

CALAtkrttb  {Genth.)  has  the  oompoaition  AiiIei=TeIlQrinm  55  0.  go\A.  44'S=100.  Has- 
ilTCb    Color  bronie'TeUow.     Stanielans  mine,  Oa£  ;  Bed  Clond  mine,  Colorado. 

'     KAOTAaiTIL*  BlStteren,  BiatterteUni,  fftm. 

Tetragoual.    (?  A  1-t  =  127*  37' ;^  =  1-298.     (3M  =  118°  37'.     Cleav- 
age: basal.     Also  granularly  maBsive,  particles  of 
various  eizes ;  generally  foliated. 

H.=l-15.  G.=6-8'5-7-3.  liwtre  metallic,  Bplen- 
deiit.  Streak  and  color  blaukiBli  lead-gray.  Opaque, 
Sectile.     Flexible  in  thiu  laminre. 

Oomp^-ITucerttln,  perbapn  B(&,Te)i,  wlthB=:Pb,An  (Bamm.).  .Anftlvsis,  Schonlein,  Te 
80-53,  S  8-07,  Pb  60-78,  An  911,  Ag  OM,  Cu  0-0B=100. 

Pyr.,  t^o. — In  the  open  tnbe  gives,  near  tba  assaj,  a  gra^sh  tablimate  of  anUmonate  and 
telhii  ate,  with  perhaps  some  snlphate  of  lead ;  farther  up  the  tube  the  sublimate  consists  of 
ontimonous  oxide,  -which  Tolatilizes  when  treated  with  the  flame,  and  tellorous  oxide,  which 
at  a  high  temperature  fuses  into  colorless  drops.  B.B.  od  oharooal  forms  two  coatings  ;  one 
white  and  volatile,  consisting  of  a  mixtoie  of  aatimonite,  tellurite,  and  sulphoite  of  lead ;  and 
the  other  yellow-,  leas  TOlatile,  of  oxide  of  lead  quite  near  the  assay.  If  the  mineral  is  treated 
for  some  time  in  O.  F.  a  malleable  globule  of  gold  remains  ;  this  cupelled  with  a  little  assay 
lead  assumes  a  pure  gold  oolor.     Decomposed  by  nitro-hydroohloric  aoid. 

Oba.~-At  Nagjag  and  Offeobanya  in  Transylvania,  in  foliated  mosses  and  t-rj»talline  plates. 

CoVELi.iTB  (Kupfeiind^,  Oerm.).— Composition  CuS  =  Su!phur  83-5,  oopper  OB  5  =  100. 
Hexagonal  Commonly  raasaiTe.  Color  indigo-blue.  Honsfeld,  etc  ;  Vesuvius,  on  lava ; 
GhiU. 

Mkixinitb  {,GaaA.)—k.  nlokal  tellaride,  tormnla  probably  ITi,Tai=telluiiam  ?6'5,  nickel 
S3-5=100.  HexagonaL  CleaTage  basal  eminent.  Oolor  reddish- white.  Streak  dark-graj. 
Ooonrs  mixed  with  other  tellorlnm  minnals  at  the  Sbutlslaos  mine,  CaL 


8.  TERNARY    OOMPOUIfDS.    Sitlphambkitbs,  Snu-HAirmcoinTafl, 

S  UUUOBISUnTBITBB.  * 

(a)  Group  L    Formula  E<AB,Sb),S4=RS  +  (A8,Sb)A- 

BUABaTRTTB. 

Monoclinic  C=  48"  14';  I^  1=  106°  31',  O  A  l-l  =  136°  8' ;  c:h:d 
=  1-2883  :  0-9991 :  1,  Naiimann.  Crystals  thick  tabular,  or  Btoiit,  or  short 
|)ri8niatic,  pyi-aniidal.  Lateral  planes  deeply  striated.  Cleavage :  i-i,  l-» 
11  n  perfect. 
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H.=:&-2"5.  G.=5'3-5'4.  Lustre  sabmetallic-adaiDantiiie.  Color  iron 
black.  Streak  dark  cherry- red.  Opaque,  except  in  thin  splinters,  w'aich, 
by  tmnsniitted  light,  are  deep  blood-red.     Fi-acture  subconchoidal. 

Oomp— AgSbS,  for  Aff,3  +  Sb,8,)=Snlplinr  31-8,  antimony  41-5,  BUvar  887=100. 

Pyr.,  Btc — In  the  cloasd  tube  decrepitntea,  fnaes  eaaily,  and  gives  a  sabliniate  of  ontimoiij 
anlphide  ;  in  tbe  open  tabe  Kalpharons  and  antimonoor  fnmeH,  the  latter  aa  a  white  aublimato. 
B.B.  on  charcoal  fnaes  quietlj,  wich  emission  of  Bnlpbar  and  antimonj  fnmea,  to  a  gatj  bead, 
which  after  eooHntted  treatment  in  O.  F.  leaves  a  bright  globule  of  silTer.  If  the  ailTer  gLobnle 
1m  treated  with  phosphorus  salt  in  O.F.,  the  green  glass  tbos  obtained  ahowatraoQi  of  coppst 
when  (need  with  tin  in  R.F. 

Decomposed  bj  nitric  aoid,  with  separatloii  of  eolphnr  and  ontiinonoiu  oxide. 

Oba. — At  BralLnsdorf ,  near  Freibei^  in  Sazonjj  FeloobanTa  {iMnngoUU*) ;  Pnlbram  In 
Bohemia ;  Clansthal  {hypaTgynU)\  Gaadalajara  in  Spain ;  at  Farenoe,  and  tlie  mine  St>.  IC 
de  Oatoroe,  near  Potoai;  alw  at  Molinares,  Mezioo. 

SARTOSim.     SOLBBOOLABI. 

Orthorhombic.     /A  /=  123"  21',  OM-l  =  131"  &';6:l:A  =  1-1483  : 
1"8553  :  1.   Crystals  slender.   Cleavage: 
44?  0  quite  distinct. 

H.=8.  G.  =  e-393.  Lustre  metallic 
Color  dark  lead-gntr.  Streak  reddish-, 
brown.    Opaque.    Brittle. 

Oomp.— PbAa,S,<Ph3+Aiiiai)=SnIphiir  2Q't, 
■rsenio  80  0,  lead  42'7=100. 
Fyr.,  eto^Ifearlj'  the  same  as  for  dnfrenoj- 

nte  {q.  v.),  bnt  differii^  in  strong  decrepitation. 

Obi.— From  the  Binuen  Taller  with  dufrano)'- 

■Ite  and  binnita      As  the  name   SclerodH«a  ii 

Inapplicable,    and    the    mineral    was   first    an- 

notmoed  by  Sartorius  t.  Waltenhatisen,  the  species  msj  be  appropriately  called  SartoHU. 

It  ii  the  bifmiU  of  HeosMr. 


Orthorliombic.  /A  /=  120*  39',  Boee.  Usual  in  twins,  as  hexagonal 
prisms,  with  a  low  hexagonal  pyramid  at  summit.  Lateral  faces  longitudi- 
nally striated.  Sometimes  columnar,  fibrous,  or  massive.  01ea\'age  not 
distinct. 

H.=3-3-5.  G.=5-30-B-S5.  Lustre  metallic  Color  and  streak  steel- 
gray.     Opaque.     Fracture  slightly  uneven. 

Oomp^FbSb,3.  {orFbS  +  Sb,8i)=Sulphnr  32-1,  antimony  49  3,  lead  85-7=100. 

Pjrr.,  etc. — Decrepitates  and  fnses  very  esjslly  ;  in  the  closed  tnbe  gives  a  faint  mUImate 
of  unlphnr  and  antlmonons  snlphide;  in  the  open  tnbe  snlphnrons  fumes  and  a  while  snbli- 
mate  of  ozJde  of  antimooy.  B.B,  on  chaiooal  is  almost  entirel]'  volatilised,  giving  a  coating 
which  on  the  onter  edge  is  white,  and  near  the  assay  dark -yellow;  with  soda  in  ILF.  yields 
l^obnlee  of  lead. 

Soluble  In  hot  hydro<^oria  add  with  evolution  of  snlphuietted  hydrogen  and  separation  of 
lead  chloride  on  coaling. 

Besembtes  stibnite  and  bonmonlte,  bat  may  be  distinguished  by  its  snperior  Iianlness  and 
q>eci£o  gmvil;. 
,    Obs.—Ooonrs  at  Wolfsberg  in  the  Han. 

OHALCOarratTK  {Kupfer»namonglan»,  ffarm.).— Composition  CnSbSi  (or  Cu,S  t-8bi8i)s-- 
Bnlphnr  357,  antdmony  49-0,  oopper25-4.  Color  lead -gray  to  iron-gr^'.  Wolfsbets  In  th* 
Han. 

BUFLEcrrTE  (Kupferwismuth^aoi,  Oerm.).— Composition  OnBiS.  [or  On,S-KBiiSi]=Bii]- 
phaz  19-L,  bfamnth  62-0,  ooppei  18-0=100.  Oolor  giaflali  to  tin-white.  SohiTanenboiK, 
Bcxony ;  Coplaao,  CliiiL 

-^  1        r-r-i  r,.ili,-j---;.  >^  Hll.l',;!!^ 
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tTB.— OompodtloD  approxliiuttelr  F«Sb,S(  (oT7eS+3biSi)=:SalFhai80'0,Mitl- 
biod;  STO,  iron  13-0=100.  Oolor  dark  Bt^-giaj,  Auveign* ;  Br&ituidotf,  Saxon; ;  Oom- 
mUl,  eta. ;  Ban  Antonio,  CM. 

(S)  Sub-Gkoop.     Formnla  Hs(Afl,Sb,Bi)«S,=3ES+2(A8,Sb,Bi),S^ 

PLAaiOMTTB.— CompOBitiOD  (Boae)  Pb.Sb|3,(  (CT4PbS  +  8SbiSi)  =  SiilphiiT  21-1,  antlmoiij 
870,  load  41 U     Monoclinio.     a.=6-4.     Ponnd  at  Wolfiberg  in  the  H«ra. 

JoRDANiTB  (t.  Eath).— CompodtioD  Fb|AB,S.  (or  8PbS^3A8iSi)==fiaIphnr  SS-8,  a»«iiio 
84'8,  lead  SI  *4.  Orthoriiombio,  Besemblei  sartoiite.  bat  distingnisbed  b;  its  Uaok  "t"M^l[| 
Its  (dx-Bided  tviiiB,  and  bj  not  deorepiCatiDC  B.B.     Binnentbal,  Switseiliuid. 

BiMNir^— Composition  probably  Cn.AB(Si  (oi3Cn.S4-2AsiSi)=Biilphar  29*7,  arBenloSl-Q, 
copper  39'3=100.  Isoinetiia  Streak  cben7-Ted.  Binnentbal  in  dolomite  {dufrmogi&e  of 
V.  Waltenhaneen). 

Klapbotholitb  (PiUr>m).—Oompoa.tioa  Ca.Bi.Sb.  (or  80n,8+SBiiB.).  Orthorbombux 
Cle*v»ge  (-i  distinct.     Color  Bteel-gfray.     Q.=4'S.     Wittichen,  Baden 

ScBiKHEHiTE  (Gmtft).— Composition  E.Bi,8,  (or8HS  +  2Bi,S,),  witlia=Ag,  :  Pb-8  :  1. 
ThiaieqnireaBiilphnilU'4.  biimutb  47'8,  diver  34  S,  leadll-8=10a  Maalre,  dlnendn>t«d 
in  qoMt*.     Color  leod-graf.     Bad  dead  mine,  Colorado. 

(tf)  Geoup  IL    Formula  B,(Sb,A8)A=2IlS+(Sb,A8),S,. 

JAMXtBOKTriL    Federers,  0«rm. 

Ortliorhombic.  /A  /=  101°  20'  and  78°  40'.  Oleavju^  basal,  highly 
perfect;  /and  »-£  lees  perfect.  Usually  in  acicnlar  cryBtalk  Also  fibrous 
maesive,  parallel   or  mvergeot;  also  in  capillary  forms;   also  amorphons 


H.=3-3.     G.=5'5-5'8.    Color  steel-gray  to  dark  lead-gray.     Streak 

pay- 

Oomp^-Pb,Sb,S,  (0T2Pb3+Sb,3i);  moreBtrlotl72FbS=2(oTPb,Pel8.  If  Fa:  Pb=]  : 
4,  SnlphoT  21-t,  witimoDjgaii,  lead  a^,  iron  80=100,  BmaU  qoantitie*  of  mno,  bia^ 
mnth,  Bilver,  and  copper  are  also  aometimee  preeenti 

Fyi, — Same  as  for  linkenite, 

EHfi. — Distiogaiflhnd  froc 

Obe. — J/unetonitt  oooora  ; 
lata  in  Spain,  and  Braiil, 

Thafaathgr  ort  oocnn  U  WSlftbeis  in  the  Eaatem  Han ;  also  at  Andieasberg  and  Clans- 
thai ;  at  Freiberg  and  Sobanmiti ;  at  Pfaftenbeig  and  Heiseberg ;  in  TnMany ,  near  Bottino ; 
at  Ohonta  in  Pen. 

DTTFRENOTSI^B. 

Orthoi-bombic     I A  /=  93°  89',  6*  A 14  =  121"  SO',  ^ ;  J  :  d  =  1-6818  ; 
1-0658  :  1.     Usnal  in  thick  rectan- 
gular tables.     Cleavage:  O  perfect.  **8 
Also  maBsive. 

H.=3.  «.= 5  049-6 -669.  Lustre 
metallic.  Color  blackish  lead-gray. 
Streak  reddish-brown.  Opaque.  Brit- 
tle. 

Oomp.— Pb,A>,St  (or  2PbS-K3AB(B*)=Sal- 
phnr  S3-10,  anenio  30-72,  lead  G7-l»=100. 

Pyr.,  eto.— Easilf  foeei  and  gives  a  nibll- 
nate  of  milphnr  and  anenoos  Holphide;    in 

Um  (^en  tnba  a  amnU  of  salpbiu  oaij,  with  a  •abUnut*  of  mlplmt  in  apper  part  of  tnb«.  aaS 

'        O 
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IB  oxide  below.  On  ohsrDoiU  decrepitates,  melte,  Tieldi  fnmes  of  anenlc  tuid  i 
globule  of  lead,  which  on  capellatioii  yields  silvec. 

Ob* From  the  Biimeiithnl  in  the  Alps,  in  cij'ataUine  dolomite,  along  with  sartorite,  Jordan' 

Ite.  binnite,  eto. 

Damoni,  who  first  atndied  the  aTsenio-eulphides  of  the  Biimeiitbal,  analyzed  the  niMciTe 
ore  and  uimed  it  dv/rrru^iite.  He  inferred  that  the  crystallization  was  Isometric  from  soma 
aasociatud  crystals,  and  so  pubiijihed  it.  This  led  von  WolCershauseo  and  Hcat^Kcr  to  call  the 
isometric  mineral  dufrenojBita,  iwd  the  latter  to  na  ne  the  orthochoinbic  spedec  iinnite.  Von 
WnltorsliauBen,  after  studying  the  prismatic  mineral,  made  ont  of  the  spociee  ar»eiiomeUm  and 
idaivciiue,  yet  partly  on  hypothetical  groands.  Recently  it  has  been  found  that  three  ortho- 
rhonibio  minerals  exist  at  the  locality,  as  amiounced  by  vom  Rath,  who  identifies  one,  by  speoi- 
flo  eravity  and  composition,  with  Damoni's  dufrmoytUe ;  another  he  mokes  tei/<ntetnta  of  fod 
WMtershansen  (sartorite,  p.  S50)  ;  and  the  other  he  luunus  jordanite  (p.  251).  The  isometzic 
nluenl  wm  allied  HnniU  by  DeaGloixeanx 


FRBIBSLBBBNITB.     Bohilfglaaen,  Oerm. 

O -  ST"  46',  /A  T=  119"  12',  (?  A 1-1  =  137°  10'  (B.  &  M.); 
c:l:d  =  1-58U2  : 1-7032  : 1.  O  A  l-i  =  123°  55'. 
Prisma  longitudinally  striated.  Cleavage  :  /  perfect 
II.=2-25.  G.=6-(i-4.  Lustre  nietalTic.  Color  and 
Btpeak  light  steel-gray,  inclining  to  silver- white,  also 
blackish  lead -gray.  Yields  easily  to  the  knife,  and  is 
rather  brittle,     irautiire  siibconchoidal — uneven. 

Oomp — Pb.Ag,ab,S„  Ramm.  (or  TRS+Sab.Sj,  with  TB.S  =4Pb3 
+  3Ag,9)  =  Sulphur  18-8,  onUmony  2fJ-9,  lead  :jOo,  silver  aj -8=100. 
Pyr — In  the  open  tube  gives  sulphurous  and  antimonial  fumes, 
the  latter  condensing  as  a  white  sublimate.  B.B.  on  charcoal  fuses 
easily,  giving  a  coating  on  the  outer  edge  white,  from  ancimonoiu 
oxide,  and  near  tho  asaay  yellnw,  from  oilde  of  lead  ;  ccntinaed 
blowing  leaves  a  gtnbule  of  ^ver. 

Oba. — Oocurg  at  Freiberg  in  Saxony  and  Kapnik  in  Transylvania;  at 

BatieboiT.itz ;  atPrzibram  ;  at  Pclsohonya;  at  U  lend  elencina  in  Spain. 

Aooording  to  v.  Zepharovich,  the  mineral  from  Pnibrom  and 

Brounsdorf,  and  port  of  that  from   Freiberg,  while  identical  in  composition  with  freiea- 

lebenita,  has  an  orOnrliombie  form.     It  is  colled  by  him  diaphorite. 

BRONONiARurrB.— Componition  Ag,PbSb,Si  (or  PhS-HAg,S  +  Sb3S,)  =  Snlphnr  IQ  4.  and- 
moDy2S'S,  silver  2U'l,  lead25'0=100.  Teometxioi  inoctahedrona,ai8omasHiveL  Color  gray- 
ish-black.   Mexico, 

COSALITE  I GeatA).  —Composition  PbtBi,S( (or 3PbS -l-Bi,8i]  =  Salphnr  101, bismnth 428, 
lead  41-7  =  100.  Color  lead-gray.  Soft  and  brittle.  Cosala,  Sinoloa,  Mexico,  identical 
(FrenieU  with  Hermann's  rtt^anyiU. 

PriioaTiLPNrru  (Feuerbtende,  Germ.).— la  delicate  crystals;  color  hyacinth -red.  Con- 
tains (12  3  p.  0.  Bilver.  also  sulphur  and  antimony.     E^berg;  Andreasbeig;  Priibcam. 

RiTTiNOBSiTE.— In  minute  tabular  crystals.  Color  black,  gtieak  onnge -yellow.  Con* 
taloa  iDlplitir,  antimony,  and  silver.     JooohimsthaL  > 


(d)  Gaoup  IIL    FonnulaE8(A8,Sh)A=3RS  +  (A8,Sb),S,. 


'  PntAROSBTTB.    Bnbj  Silvet.    Duk  Bed  Silver  Ore.    Ihiokles  BothgtUdgcn,  Bim. 

Ehombohedi-al.  Opposite  extremities  of  crystals  often  nnliko,  HaS 
=  108°  42'  (B.  &  M.);  0A2i  =  137°  42' ;  c  =  0-788.  (9 A  1»  =  112°  83', 
OAV=l(yi''  14',    ffA4  =  144°  21'.    Cleavage:    Ji  rather  imperfect 


nUXPHABeKHTTSS,  BULFHAIITIHOMlTXa,  StO. 


f.  290,  p.  95 ;   alwi 


Twidb:  compoBition-face— J;  0  or  basal  plane,  aa 

li    and    /.     Alao  maBsive,    etrnttiii-e 

graiiulai',  soinetiines  impaloable.  *W> 

H.=2-2-5.  G.=57-5-9.  Lustre 
metiilliu-adainaiitiDe.  Color  black, 
sometimes  appiwieliiiig  oochiiieal-red. 
Streak  cocliiiieal-red.  TraiiBlueent — 
opaque.     Fracture  uAiiuhoidal. 

Ocmp.  ^  Ag.SbS,  (or  3AffiS+Sb,S,l=anl- 
phiir  17-7,  mtimony  23-3,  lilTer  59'8  =  iO0. 

Fyr.,  elc In  the  cdoaed  tube  foaea  and  give* 

a  reddish   snblimata  of  ontimononB  mlphide ; 

in  thu  open  Cube  snlpbiuoaa  fumes  and  a  white  Bublimate  of  ai 

obarcoal  tjvi6s  \rith  spictii^  to  a  globule,  gives  off  aniimonouB  sulphide,  coats  the  coot  wliite, 

luid  Che  iubb;  is  oon verted  into  ulfei  sulphide,  which,  treated  in  O.  F.,  or  wilh  soda  in  R.F., 

gives  a  globule  of  fine  alvet.     In  case  unienio  is  present  it  may  be  detected  by  fusiof;  the 

pnlTerized  minecal  with  soda  on  charcoal  in  B.F. 

Deooinposed  by  niliic  acid  with  separation  of  solpbui  and  antimonoua  oxide. 

Obi. — OcciuH  principally  with  calcit«,  native  arsenio  and  golenite,  at  Andreasbe:^ ;  also  in 
SaiLori)'.  UuQgary .  Norwaj',  at  Qaudal canal  in  Spain,  and  in  ComwalL  In  Mexico  al>ull<lital. 
Id  Chili;  in  Kevada,  at  Woahoe  in  DaneyMine)  abundant  about  Austin,  Eeese  TiveTj  at 
Pool  Man  lode,  Idaho. 


B.B.  oa 


FROnBTITE.    Light  Bad  SilvM  Ore.    Liohtea  BofbctUtiKetx,  0«rm. 

Khombohedral.  JiAB  =  10T'  48',  0A2i  =  tZT  9'j  o  =  0-7S50fl. 
Also  giaiuilar  iiiaeeive. 

II. =2-2-5.     G.=5422-5'56.     Lustre  adamantine.     Color  cochineal-red. 

Strciik  coi:liiiieal-red,  sometiinee  indiiiBd  to  aurora-i-ed.     Subtransparent- 
Bubtraiislnueiit.     Fracture  w>nclioidRl — uuevea. 

aomp.~AgtAflS,  (OT  8Ag,S  +  Aa,S,)=8ulphur  \6-i,  arsenio  ISl,  silver  05  6=10(1. 

Pyr.,  B*^. — In  the  closedtnbefnsea  easily,  aiid gives BfaintsnWimate  of  oraenonssQlphide; 
in  the  open  tube  sulphurous  fuuies  and  a  white  ci^staLline  sublLmate  of  aiseaous  oxide.  B.B. 
on  Charcot  fuses  and  emits  odors  of  sulphur  and  arsenic ;  by  prolonged  heating  in  O.F.,  ol 
with  soda  in  HP.,  gives  a  globule  of  pore  silver.     Son-.e  varieties  contain  antimony. 

Decomposed  by  nitric  acid,  with  separation  of  sulphur  and  orsenous  oxide. 

Obs.^Occurs  at  Freiberg  and  elsewhere  in  Saiony  :  at  Joacbimsthal  j  Wolfach  in  Baden ; 
Chaloncbes  iu  Dauphin^ ;  Qusdalcanal  in  Spain ;  inMexico;  Peru;  Chili,  at  ChoDorcillo.  in 
mugniSuent  crystals.  In  Nevada,  in  the  Daney  mine,  and  in  Comstock  lode,  but  rare ;  in 
a  about  Anstin,  Lander  Co. ;  in  microscopio  otystals  in  Cabarnu  Co.,  N.  C,  ftt  Um 
a ;  in  Idaho,  at  tiie  Poor  Han  lode. 


BOUBNONTm.    BOdelen,  G'«rm.(=WhealOi«). 

Ortliorhombic.  /A /  =  93" 40',  OAl-i=  136"  17'  (Miller i ;  i  I :  d  = 
lMt5618  :  10(i62  :  1.  (?Al-3  =  1^3°  26',  (9  A 1  =  127°  20',  CM  11  =  13S* 
B'.  Cleavajje:  i-I  imixji-fect ;  i-i  and  0  less  distinct.  Twins:  twiiininig 
plane  face  7/  crj'stals  often  ornciforni  (f.  453),  cnisaing  at  angles  of  9lr 
40'  and  80°  20' ;  hence,  also,  c<^-wheel  aliaped.  AIbo  maesiYe  ;  granular, 
i»iupacc 


DBBOBIFrlVK  IdNOBALOaT. 


H.=2'5-iI,  Q'.=S-7-5-9.  Lustre  metallic  Color  and  streak  Ateol-gray, 
inclining  to  blackiBli  lead-gray  or  iron-black.  Opaque.  Fracture  cod- 
ohoidal  or  uneven.    Brittle. 


Oomp^  Tar.— OnPbSbS,  Bomm.  (or8BS+8b,B„  wiUi8E3=2Pb3+Cn,S)  =  Siilphvrie'«, 
■utlmoiiy  250,  lead  iZ-i.  copper  18-0=100. 

Fyr.,  etc — In  the  closed  tube  decrepitatsB,  nixi  givM  a  daik-ied  labUmate,  In  the  opett 
tabe  gives  snlphnroas  oxide,  and  a  white  aublimate  ol  antimonong  oxide.  B.B.  on  chstcoal 
foeea  ea«i1;,  and  at  <iiat  coats  the  2oal  white,  from  antimouoos  oxide ;  oonlinaed  btitwing 
gives  a  yellow  coating  of  lead  oxide;  the  reudue,  treated  with  sodainB.F.,  gives  a  globule 
of  copper. 

DeoompoBed  by  uitrio  aoid,  affording  a  bine  solution,  and  leaving  a  leeidne  of  ralphor,  ^nd 
a  nhite  powder  contaimng  antim  inyond  lead. 

Obs.— Occnn  in  the  Haiz ;  at  ICapnik  in  Transylvania ;  at  Setvoi  in  Piedmont :  BrfioDS-  ~ 
dorf  and  Oeradort  in  Saxony.  OI)a  in  Coiinthi^  etc. ;  in  Cornwall ;  in  Mexico ;  at  Huasoo- 
Uto  in  GhiU ;  at  Maohacomaioa  in  Bulivia ;  in  Fern. 

Sttlottfitb. — An  iion-ulveT-oopper  boninomte ;  Copiapo,  OhUl 


BOUUUrailRITB. 


In  plunioee  masses,  exhibiting  in  the  fractnre  a  crystalline  structure ; 
slso  granular  and  compact. 

H,=2-5-3.  G.=5.75-6'0.  Lustre  metallic.  Color  bluish  lead-gray; 
often  covered  with  yellow  spots  from  oxidation. 

Oomp.— PbiSbiS,  (or  8Pb8-t  Sb58,)=8nlphnr  181!,  antdmony  231,  lead  687-IOa 

Pyr.^Same  as  for  dnkeuite. 

Obs — Quite  abundant  at  UoliAres.  department  of  Oaid,  in  France ;  aleo  found  at  Nasafjeld 
tn  Lapland;  at  Nertaohlnsk :  Obei-Lahr  in  S^u-iJteokiii)Jien ;  Wolfabergin  tbeHan;  near 
Bottino  in  Tuscany. 

Eriiioiii.ANaERiTB.~^PTobab]y  a  decomposition  product  of  boolangerite  (Webeky) ;  it  con- 
toiuB  more  Bulplinr  and  lera  antimony.     Altenberg,  Sileas, 

Wn-ticcBiHiTE.— Compoution  Cu,BiS,  (or  BCu,S  +  Bi,3,)=  Solphnr  19'4,  bismuth  42.1, 
oopper  88'5  =  t00.     Color  ateet-gmy.     Wittichen,  Baden. 

KoBELLiTB.— PbiBiSba,  (or  3PbS+(Bi.bb),S,)  Bamm.  ::^ Sulphur  16'8,  antimooy  10-7,  bia- 
muth  IS  2,  lead  54-3-100.     Culor  lead-gray  to  steel-gray.     Hvena,  Sweden. 

AiHiNiTE  iNadderz,  Ger»».>.~CuPhBia,  (or  Cu,8+2PbS-i-Bi,S.)  =  Sulphur  187,  bismuth 
86-2,  lead  ItOO,  copper  11-1  =  100.  In  adoular  crystals,  also  massive.  Color  blookiBh  lewl 
gr.ij.     Boreeot  Utala  j  Gold  Hill,  North  Carolina. 

n  .J  ii,-j'- ■;■-  V-  it.n.is;iC 
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(«)  Gitoup  IV.    FormulftK.(Afl,Sb,Ei)aS,=4ES  +  (Aa,Bb,Bi)aSc 

iRrm.*  6t»7  Coppei  Ore.    Fahlen ;  Antlaioii-  and  QaeokiUbeTfalileii,  Otrm 

iBometric ;  tetrahedraL  Twins :  twinning-plane  octahedral,  producing, 
when  the  compceition  is  repeated,  the  form  in  f.  456.  Also  massive ;  gmii- 
alar,  coaree,  or  fine ;  compact  or  crypto-crystalline. 


H.t=3-4-5.  G.=4-5-5-56.  Lustre  metalUc.  Color  between  light  flint- 
gi-ay  and  irdn-black.  Streak  generally  same  as  the  color ;  somctinieB 
inclined  to  brown  and  cherry-red.  Opaque;  eometimes  snbtranslueent  in 
very  thin  spliiitora,  transmitted  color  cherry-red.     Fracture  subconclioidal 

■  — ^nneven.     Rather  brittle. 

Oomp.,  Var.— CueSbiS,  (or  4Cn,S+Sb,S,),  with  part  of  the  oopper  (Cn,)  often  replaced  bj 
iron  (Fe),  zinc  (Zn),  eUver  (Ag,).  Of  quicksilver  (Hg),  and  rarely  cobalt  jCo),  and  part  of  the 
antiraonj  by  araenio,  and r^ely  bismuth.  Batio  Aei-I-Cai  :  Zn-l-Fegfeneiallj  =2  :  1.  Then 
ue  thna : 

&.  An  antimooial  Kries;  B.  An  arseoio-antimonial  Eeriea;  C  A  bismuthia  oraemo-anti- 
monial;  besides  an  arseiiieal,  in  which  arseuio  replace*  all  the  aotimoiiy,  and  wliicb  is  mada 
into  a  distinct  apeoieH  named  UnTuiniilt, 

Var.  1.   Ordinary,  Containing  little  or  no  silvBr  Color  Bteol-jray  to  dark-graj. 

8.  Argentiferaut ;  FreOtergita.    Light  Bteel-gray-somBtimasi/on-blaak, 

3.  Mercurijeroju ;  SehwaUitt.     Color  graj  to  iron-blaok. 

The  foUotring  analyses  will  serve  as  examples  of  theae  varieties : 

8         Bb        As        Ga       Fe       Zn      Ag 

|1)  HOsen  2540    1916    493    39'88    8  43    S'SO    0'flONiCol-04  =  eS-R9BitiDinelaberg. 

(8)  Meiaeberg    2480    SSflS    3047    8-63    8S9  10.48  Pb  078=10000 

(8)  Kotteibaoh  22-53    lB-34    3-94    86-84    0*87    0-09    Hg  1727,  Pb  0-21  Bi  0  81=100 

V.  Eath. 

Pjrr.,  et=.— Differ  in  the  difterent  Tarieties.  In  the  closed  tnbe  all  fuse  and  gii'i  a  dark- 
md  atiblimate  of  untimonoos  ialphide  ;  when  containing  mercury,  a  faint  dark-graj  aubliinate 
appears  at  «  low  red  boat ;  and  if  mnch  ursenio,  a  subliniata  of  arsenous  snlpbide  firsl  forma. 
In  the  open  tube  tuaea,  gives  sulphnrona  fames  and  a  white  aiiblimate  of  antimony  ;  il 
oreenic  ia  present  a  crystattine  volatile  sublimate  condenses  with  the  antimony ;  if  the 
ore  contains  mercnry  it  condenees  in  the  tube  in  minute  metallic  globulea.  B,B.  on  charcoal 
fuses,  givea  a  coating  of  antimoQous  oiide  and  somelimea  araenoua  acid,  lino  oiide,  and  lead 
oxide  ;  the  BTscnic  may  be  detected  b;  the  odor  wb'en  the  coating  ia  treated  in  It.P. ;  the 
nnc  oxide  assumes  a  green  color  when  heated  with  oobalt  aolutioa.  The  roasted  mineral 
gives  with  the  fluxes  reactiona  for  iron  and  copper ;  with  soda  yieMs  a  globule  of  metallic 
oopper.  To  determine  the  preaeuoe  of  a  trace  of  aisenio  by  the  odor,  it  is  lieat  to  fuse  the 
mfnend  cn  uhar^xial  with  soda.  -  The  presence  of  menmry  ia  best  ascertained  by  toiing  Itu 
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pnlTeriiod  on  la  »  dosed  tube  with  about  three  times  fte  weifcht  of  dry  soda,  the  matal 
Bablimilig  and  cODdeaain^  in  minute  globules.     The  bQtct  ib  determined  by  cupellution. 

Decomposed  bj  Ditric  acid,  with  Beparation  at  Hulphni,  and  antimonoos  and  nraenoua  oxidoa. 

Oba. — The  Cornish  minea,  near  St.  Augt  :  at  Andteaebarjf  and  UlauBthal  ia  the  Han ; 
Krenmitz  in  Hangar; ;  Freiberg  in  Saxony  ;  Fmbrara  in  Bohemia  j  Eahl  in  Spesutrt ;  Eap- 
nik  in  Trannylvauia  ;  DiUenburg  in  Nassau  ;  and  other  localities.  The  ore  cc^ntaining  mer- 
cury occDvs  in  Suhmjlnitz,  Hungurf ;  at  Schwalz  £□  the  Tyrol ;  and  in  the  Tallcyn  of  Angina 
and  Cofltello  in  Tnacanj. 

Found  iu  Mexico,  at  Dnsrango,  etc.  ;  at  vanons  mines  in  Chili ;  in  BoliTii  -,  at  the  Kellogg 
mines.  Arkansas  ;  at  Netrbtiryport,  Mnss.  In  California  in  Muripma  Co, ;  in  Shasta  Co.  In 
Nevada,  nbuudont  at  the  Shaba  and  De  Soto  minsg,  Hnmboldt  Co.  ;  near  Austin  in  Londei 
Co.;  in  Arizoaa  at  the  Heintzelmon  mine,  containing  lip.  c  of  silyri;  at  the  Snna  Rita  mine. 

UioniTB  IBraujuij. — A  bismnth  tetrahedrite  from  Cremenz.  Einflachtho],  Switzerland. 

Halinowskite. — A  tetrahedrite  containing  9-13  p.  o.  lead,  and  10-13  p.  o.  silver.  Diatriot 
of  BoooBj,  Peni.     [5th  Apperd.  Uin.   Chili.) 


TSNHANTITB.*  Oianknpleien,  0*rm. 

Isometric;  holohedral,  Phillips.  Cleavage:  dodecahedral  iini>erfect, 
Twins  as  in  tetrahedrite.     Massive  forma  unknown. 

II.=:3-5-4.  G.=4-37-4'53.  Lustre  metallic.  Color  blackish  lead-graj 
to  iron-black.     Streak  dark  reddish-gray.     Fracture  uneven. 

Oomp.— Cu,As,S,  (or  4Cn,S-|-As,3i),  with  Oui  replaced  in  part  by  Fe,  Agg,  etc.,  asin  tetra- 
hedrite,  mth  which  it  agrees  in  crystaUine  form. 

Fyr. — In  tho  closed  tube  gives  a  sublimate  of  onienous  sulphide.  In  the  open  tobe  givei 
■nlphurous  fumes,  and  a  sabKmate  of  araenons  oxide.  B.B.  on  cbarooal  fuses  with  intumes- 
cence and  emission  of  arsenic  and  anlptaur  fumes  to  a  dark-giay  ms^petic  globule.  The 
loaeted  mioeral  gives  reactions  for  copper  and  iron  with  the  ooim;  with  soda  on  cbarooal 
gives  metallic  copper  with  iron. 

Obs.— Found  in  the  Comiah  mines.     Also  at  Bknttemd  in  Norway,  and  in  Algeria. 

Jni-iANiTK  (Wehsky)  is  near  tennantite.     G.=5-12.     Hudelatadt,  ftilesia. 

MfiNEQiiiNiTK  hoH  the  composition  FbiSb|S,(4PliS  +  3b,Si)= Sulphur  17%  antimony  16'8, 
Uad  03-0:^100.     Besembles  boalsngeiita.     Bottino,  XoBcany  ;  Schwanenbeig,  Saxony. 


(/)  Geoup  v.    Formula  Es(AB,Sb)^B=5ES-t-(A8,Sb).S» 


BTBPHANITB.    Sproda^aBerz,  Oerm. 

Orthorhombio.     7  A  /  =  115°  39',  OM-l=  132°  32J' ;  i:h:a  =  l-089'i 

:1-5844:1.     <?Al  =  121°  51'  »9a1-1;  =  145''34:    Cleav- 

*'"^  age:  2-i  and  i-i  imperfect.     Twins:  twinning- plane  I; 

forms  like  those  of  aragunite  frequent     Aleo  massive, 

coinpact,  and  disseminated. 

Ii.=2-2-5.      G.=6'269,   Przibram.      Lustre  metallic. 
Color  and  streak  iron-black.     Fracture  uneven. 


Oomp.— Ag.SbS((oi:fiAgi8-l-Sb(Si)=Bu]phar  168,  antitoouy  ISA, 
silver  es  S=100. 

Pyr In  the  oloaed  tube  decrepitates,  fuees,  and  after  long  beating 

gives  a  faint  sublimate  of  antimonoDBsulphide.     In  the  open  tube  fuses, 

giving  off  ontimoOlal  fumes  and  sulphurous  oxide.     B.B.  on  charocwl 

fusrs  with  projection  of  small  particles,  coats  the  coal  with  anUaouoos 

oxide,  which  after  long  blowing  is  coltsed  red  from  oxidised  silver,  and  a  globulo  of  metallic 

silver  is  obtained. 

Bolutde  in  dilute  tisated  lutno  aoid,  sulphar  and  oxide  of  antimony  being  deposited. 


H.Uy 


H^ 
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Obi. — At  FraibMg  and  elaewbere  in  Baxooj  ;  st  Fnibnun  in  Bohemia ;  in  iljosgiiTj ;  >t 
AndieMberg;  at  ZaoateoM  in  Ueiioo ;  and  in  Peni.  In  Nerado,  on  abundant  ailTer  ore  in 
tbe  Comatock  lod«  ;  at  Opbir  and  Mflzioan  minea  in  fine  azjaUla;  in  the  Beese  river  and 
Humboldt  and  other  re^ona.     In  Idaho,  at  the  silver  mines. 

Qkochonitb.— Oom^wition  PbiSbjFli  [oT5PbS+Sb|Si]=Salphiu'  IS'7,  antimony  IS-fl,  lead 
67-4  =  100  (also  oontaina  a  little  anenic].  Color  li^t  laad-gtaj.  Sala,  Sweden;  HerithH 
Snam ;  Val  dl  Ca«t«Uo,  Tnaoanj. 


POLTBASnXU 


Oi-thorhorabic,  DesOl.  /A/ nearly  12(1°,  (?Al  =  121"  30'.  Crystals 
usually  short  tabnlar  prisins,  with  tlie  bases  triaogalarly  Btriated  parallel 
to  altei'nate  edges.  Clea\'age:  basal  impei-fect  Aleo  massive  and  dis- 
Beminated. 

H.=3-3.  G.=6*314.  Lustre  metallic  Color  iroD-blaok ;  ia  thin  crys- 
tals cherry-red  by  transmitted  light.  Streak  iron-black.  Upaqne  except 
when  qnite  thin.     Fraetore  uneven. 

Oomp. — AggSbSi  (or  SAgi3-f-8b|S]),  if  oontainipgailvBtiritliontooppeiaraiBenio,  Snlphnr 
14-8,  antimoDj  0-7,  ailTer  96  5=100.  BnC  with  Ag,  teplaoed  in  part  t^  Gui  (ratio  Ag  :  Cd= 
1  :  4  to  1  ;  11],  and  Bb  replaced  bj  As  (ratio  1  :  1.  eto.]. 

Pyr.,  etc. — In  the  open  tnbe  tama,  giirea  Bnlphnrona  and  antimonial  fnmea,  the  latter 
ionmng'  a  white  anblimate,  aometimea  mixed  with  cryatoUine  araeaona  oxide.  B.B.  fnsea 
with  npirting  to  a  globule,  ^vea  off  anlphni  (aometimeB  anienio),  and  coatn  the  coal  with  antl- 
monoua  oxide  ;  with  long-oontinaed  blowing  some  Torieties  give  a  faint  ;ello wish- white  ooat- 
ing  of  zinc  oxide,  end  a  metollio  globnle,  which  with  salt  of  phosphorus  reacts  for  copper, 
aud  cupelled  with  lead  gives  pure  ailvsr. 

Decomposed  by  nitric  aoid. 

Obs..— Oocnre  in  Mezioo ;  at  Trea  Pantos,  Ohill ;  at  Freiberg  and  Pnibram.  In  Nevada, 
at  the  Beese  mines ',  in  Idaho,  at  the  Bilver  minea  of  the  Owhjhea  diatrioL 

PoLTAROYBiTK. — Isometrio.  Cleavage  onbia.  Malleable.  Comp.  13Ag^-hSb]S».  Wol- 
taoh,  Baden. 


ENABOCTB. 


Orthorhombic.  7a  /  =  97°  53',  (?  A 1-*  =  136°  37'  (Danber)  ;i:i:d  = 
0-94510  :  1-1480  :  1.  OAl-i=  140°  20',  0  A 1  =  128°  35'.  Cleavage :  / 
perfect ;  i-i,  i-i  distinct ;   0  indistinct.    Also  massive,  granular  or  uolmnnar, 

H.=3.  G.=4'43-4'45  ;  4-36a,  Kemigott.  Lustre  metallio.  Colorgray- 
ish  to  iraii-black ;  streak  grayish-black,  powder  having  a  metallic  lusti-e. 
Bnttle.     Fracture  uneven. 

aomp.'-CniAaS.  =  SnIpbur  SSS,  aisenio  19'1,  ooppei  48-4=100,  nanallj  containing  alao  a 
little  antimony,  and  tine,  and  sometimes  ^ver. 

F3rr. — In  the  olo<t(>''  tube  decrepitates,  and  gives  a  snblimate  of  solphar  ;  at  a  higher  tem- 
perature fuses,  and  gives  a  auhlimaU  of  araenoos  sulphide.  In  the  open  tube,  heated  gently, 
tile  powdered  mineral  gives  o3  anlphurona  and  araenona  oxides,  the  latter  condensing  to  a 
aablimste  eontainlng  some  antinioaoas  oxide.  B.B.  on  oharooal  fwoa,  and  gives  a  faint  ooat- 
Ing  of  arsenoaa  oii<le,  antimonoua  ozida,  and  zino  oxide ;  Uia  toaated  mineral  with  the  finzei 
fives  a  globnle  of  metallic  copper. 

Soluble  in  nitro-bydroohloiio  mM. 

17  r.iiL-,,  ■;.>.  .t.>i.'s;iC 
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Ob«. — From  Horoooohk,  OordiUema  of  Pern ;  FamatUw  V'.%,  AigBotiiie  Bepablio ;  from 
Chili;  mines  of  Santa  Amia,  TS,  Granada;  at  CoBihuiiacId  Is  Mesico ;  Brewater'i  gold  rnina, 
CbesterSeld  dixtrict),  S,  CaroliiiA;  in  Colorado;  atWiUia'aGolob,  near  Black  Hawk;  Boatheni 
Utah;  Morning  Stat  mine,  Cal. 

Fauatinitb  [lilt'en«r). — An  antimonlal  enaisite.  MatedTO.  Color  reddish  gray.  Fama- 
tina  Sits. ,  Argentine  Republic  ;  Cerro  <le  Pasca,  Pern. 

LuzoNLTE. — Similar  to  snargite  incoinpoaition,botnnlik«inlomi,  aocordlng  to  Weiatwoli, 
Mnnoayan  Island.  Luzon. 

Clakitk  (StiiiiilKrger) — Also  Bimilar  to  enargite  In  compoaition,  but  In  form  monoclinlo, 
and  haTing  a  perfect  cleavaga  parallel  to  the  clinopinaooid,     Schapbauh,  Black  Forest. 

£piOBNiTB.~Comi>o(ution  8  8334.  As  12-78,  Cu  10 S8,  Pe  14'90=1(XI.  Oitboduunbla 
Coloi  ateel-gi^.     Nen^Uck  mine,  Wittiahon. 
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OOKFOinlDB  OF  OHLOBIHB,  BUOKINS,  lODUOL 


tU.  COMPOUNDS  OF  CHLORINE,  BROMINE,  IODINE 


1.  ANHYDROUS  CHLOKIDES,  ETa 
HAUTB.    COtfUOK  SALT.    EotihulB,  Steluaali,  0<m.     \} 

iBOraetric     Usually  in  cubes;  rarely  in  octabedroQB;  faces  of  ciystala 

sometiinescaveniotis,  asinf.  458.     Cleava^  :  cubic, 

pei-fect.     Massive  and  granular,  rarely  wjluiuiiar.  488 

II.=2-5.  G.= 2  1-2-257.  Luati-e  vitreous.  Streak 
whitu.  Ciilyr  white,  also  soinetimeB  yellowish,  red- 
dish, hliiieh,  pui'plish;  often  eolorlese.  Tranapareut 
— traiislueifut.  Frarture  conchoidal.  Eather  brittle. 
Soluble;  taste  purely  saline. 

Oomp.— SaCl=ChI<nTn8  00-7,  sodium  398=100.  Gommoalf 
nJied  >i-ith  aome  c^cium  BolphiLtia,  calcium  ohloiide,  and  magrno- 
«iuTD  chloride,  and  sometimea  magQednm  sulphate,  which  render 
it  liable  to  deliqaesce. 

Fyc  ets In  the  closed  tube  toaea,  often  with  decrepitatioQ ;  when  fused  od  the  platinum 

loop  oolars  the  Same  deep  yellow. 

Dlff. — Distinguished  bj  its  taste,  solubility,  and  porfect  oubio  clenTage. 

Obs. — Coniinan  salt  occurs  in  extenitive  but  irregalor  beds  in  rocks  of  Torions  ages,  aaaooi- 
atad  wiih  g^'psom,  polyhalite,  colcite,  day,  aud  saudstoae;  also  in  solution,  and  foiminf 
nit  springs. 

The  principal  mines  of  Europe  are  at  Wieliczka,  in  Poland ;  at  Hall,  in  the  T^rol ;  Stow- 
furt,  in  Prussian  Saxony;  and  along  the  innge  tbroogh  Heiobenthol  in  Bavaiia,  Hollein  in 
Salzburg,  Halistadt,  Ischl,  and  Ebensee,  in  upper  Austria,  and  Anssee  iu  Styris  ;  in  Transyl- 
vania ;  Wollachia,  QalidB,  and  upper  Silesia  ;  Tic  and  Dieoze  la  France  ;  Valley  of  Gardoaa 
and  elsewhere  id  Bpain,  forming  hills  300  to  400  feet  high  ;  Bex  in  Switzerland  -,  and  North- 
wichia  Oiesbiro,  England.  It  also  occurs  near  Lake  Oroomiah,  tbe  Caspian  Lake.,  eta.  In 
Vlgeria  ;  in  Abysnioia  ;  in  India  in  Che  province  of  Lahore,  and  in  tlie  valley  of  Cashmere ; 
iQ  China  ]Uid  Asiatic  Russia  '  in  South  America,  in  Peru,  and  at  Zipaquera  and  Neraocon. 

In  the  United  States,  salt  bas  been  found  forming-  beds  with  gypsnm,  in  Virginia,  Waab- 
Ington  Co. ;  in  the  Salmon  River  Mta,  of  Oregon ;  in  Louisiana.  Biine  springs  are  very 
ilnmeronx  in  the  Middle  and  Weatem  Statea  These  springs  are  worked  at  Balina  and  Syra- 
ohse.  S'.  Y.  ;  in  the  Kanawba  Valley,  Va.  ;  Muskingum.  Ohio ;  Michigan,  at  Saginaiv  and 
etsawhere  ;  and  in  Kentucky.  Vast  lakes  of  Salt  water  exist  in  many  porta  of  the  woild. 
Lake  Timpanogos  in  the  Bocky  Mountaiiii,  4.300  feet  above  the  level  of  the  sea,  now  called 
the  Qreat  Suit  Lake,  is  2,000  square  mi:cB  in  area.  L.  Oale  found  in  this  water  20-100  per 
oenti  of  Bodinm  chloride  in  1B.'j2  ;  but  the  greater  rainfall  of  the  last  few  years  baa  dinun- 
Ished  tbe  proportion  of  saline  matter.  The  Dead  and  Caspian  Seas  aro  salt,  and  the  waten 
of  the  former  contain  20  to  3S  parts  of  solid  matter  in  100  parts. 

HuANTAJAVrTE. — Composition  SONaCl  +  AgCl-  Oocun  in  white  onbee  in  the  mine  of  8m 
Simon,  Cerro  de  Huantajaya,  Pern. 


EBBQItU'llVIt  mmRlLOOTc 


Iflometrie,     Cleavage  oiibic.     Also  compact. 

H.=2.    G.=l-9-2.    White  or  colorleBB.    ViUeons.    Soluble;  taalelikfl 
Uiat  of  commou  aalL 


Oomp.—KCl= Chlorine  47'6.1,  potumnm  62-35=100.     Bat  oftMn  o 


Pyr.,  etc — B.B.  in  the  platmum  loop  fuses,  and  giyta  a  violet  oolor  to  the  oater  fl»ma. 
Added  to  a  salt  of  phosphonia  bead,  which  has  beoa  previoaslr  Mtoiated  wltli  ooppor  oxide, 
oolois  the  O.P.  deep  aznze-bliie.     Water  oomplately  diBuoWe*  it. 

Ot». — OooDTB  at  VeanWos,  about  the  fumandea  of  the  Toloono.  Also  at  StaaifDrt ;  at  Le«> 
poldihall  (lecpoldit*) ;  at  Kaluas,  Galida. 

.    OERAItaTRnR    EeiaigTiite.  Horn  Silver.  BUbeilionten!,  Gtrm. 

Isometric.  Cleavage  none.  Twina :  twinning-plane  octahedral.  tTBiiaDj 
maa«ve  aiid  looking  like  wax ;  sometimes  coluinuar,  or  beiit  columnar ; 
often  in  cnista. 

H.=l-l-5.  G.^5-562.  Lnstre  reeinonE,  passing  into  adamantine.  Color 
pef^rl-gmy,  grajisb-groen,  wbitisb,  rarely  vioIct-blne,  colorless  sometimes 
when  perfectly  pure ;  brown  or  violet-brown  on  exposure.  Streak  shin- 
ing. Ti-anspai-ent — feebly  subtransliicent.  Fracture  somewhat  eonchoidaL 
SectHe. 

Oamp.—AgCl= Chlorine  24-7,  nlTer  75-8=100. 

Pyr.,  etc.— Li  the  oloaed  tabe  fusea  without  deoompodtlon.  B.B.  od  charcoal  giTea  a 
^obute  of  metatlio  silver.  Added  to  a  bead  of  salt  of  phosphorna,  pievionsly  satnraUd  with 
copper  oxide,  and  heated  inO.P.,  imparts  an  intenw  ainre -blue  to  the  flume.  A  fragment 
placed  on  a  ntrip  of  eIho,  and  moistened  with  a  drop  of  water,  swella  up.  turns  black,  and 
flnallf  is  antirelf  rednced  to  metallic  silver,  which  shows  the  metallic  InaCre  on  being  preiaed 
with  the  point  of  a  knife.     Insolnble  in  nitric  acid,  bat  soluble  in  ammonia. 

Oba. — Oocuis  In  veins  of  olaj  slate,  accompanfing  other  ores  of  silver,  and  uanallr  cmlf  in 
the  hi^er  parts  of  these  veins.  It  has  also  been  obaerved  with  ochreoua  varieties  of  brown 
Iron  ore ;  alao  with  aeveral  oopper  ores,  with  caldte,  bsrite,  eta. 

The  larKBst  Trnnniw  are  brought  from  Peru,  Chili,  and  Mexico.  Also  occurs  in  Nioaragna 
uearOcotol;  in  Honduras.  It  was  formerl;  obtained  in  the  Saxon  mining  distrtcu  of 
JohanngeorgeiMtadt  and  Freiberg,  but  U  now  rare.  Found  in  the  Altai ;  at  Kongxbarg  in 
IfoTWaf;  in  Alsace ;  rarely  in  Cornwall,  and  at  Huelgoet  in  Biittanr.  In  Nevada,  about 
Austin.  Lander  Co.,  abuudsnt ;  atmiaeaof  Gomstoclc  lode.  In  Arizona,  in  the  Willow  Springs 
dist. ,  veins  of  El  Dorado  cailon,  and  Son  Fronoisoo  dist.     In  Idaho,  at  the  Poor  Man  lode. 

Nampd  from  if/ja;,  horn,  and  npjtfxv,  tilwr. 

Calouel  (QaecksUberhomerz,  (7«nn.).— Composition  BgCl=Cb]otine  15-1,  mercur;  844 
.fIDO.     Color  white,  graTish,  brown.     Spain. 

Sal  Aumoniac  (Salmiok.  Garm.). — Ammonium  chloride,  NH(Cl=AmmoniQ]u  38-7,  chlt^ 
line  00-3=100.     Vesuvlua,  Etna,  and  many  volcanoes. 

Kantokite  (BreithaQpt).^Com position  CuCl=Clilorine  S5-9,  oopper  04-1 =100.  Cleavage 
oublo.     Color  white.     NBotoko,  CnilL 

EuBOLFTs. — Ag(Cl,B[) ;  the  ratio  of  CI :  Br  varying  from  3  :  1  to  1  ;  8.  Color  grayiah- 
green.     At  various  mines  in  Chili ;  also  Mexico  ;  Honduraa. 

BKOHTHrrK.  Bromargyrite  (Bromsilber,  G'Tni.).  — Silver  bromide.  AgBr=Bromlne  484, 
•Qver  57-4=100.     Color  when  pare  bright  yellow,  slightly  greenish.     Chili ;  Meiioo. 

loDTRFiE,  lodorgyrita  (lodsilber,  Oerm,). — Silver  iodide,  Agl^Iodiue  640,  silver  40*0= 
100.     Color  yellow.     Mexico;  Chili;  Spain;  Cerro  Colondo  mine  in  Arizona. 

Tocohnalitb  (Domeyko).— Composition  Agl-t-HgL  Amorpbous.  Color  pale  ypllow. 
Ohaliarcillo,  Chili, 

CHLOnoCALCTTB  (Bcaochl).— From  Tesuriua,  oantaiiLed  OB'76  p.  a  CaCl, ;  with  also  EOl, 
ira01,HgCli.     OHiiOau-LrannTB,  CBLouuaNXsrrB,  and  CsLoaoTBioNrrE  it  aLw  boK 


,^.wyiL 


ooMFOxmrM  of  oHLOBmB,  BBomm,  iodotb. 


HOLTSm.— CompMatlon  PaOUsOhlorlne  ftl-O,  ixoa  84-5=100.    Tanflm 


8.  HTDR017S    CHLOEIDES. 

GARHAUJTB. 

UaaeivG,  granalar ;  flat  planes  developed  by  action  of  water,  bat  no  dia- 
tinct  traces  of  cleavage ;  lines  of  BtrisB  sometimeB  distiuguislied,  wliii^ 
indicAte  twincoinpoBitioii. 

Lusti-c  shilling,  greasy.  Color  milk-white,  bnt  often  reddish  from  mix- 
ture of  oxide  of  iron.  Fracture  conclioidal.  Soluble.  Stixingly  phosphor 
esceut. 

Camp.— OlB0I].6iiq=KCl+M(rC]i-f  Sttq^Hagnedom  ohloride  S4'S,  potaadam  cblorids 
«J-0,  water  88  ■«  =  100. 

The  brown  and  red  coIot  ot  the  mineral  is  dna  partlj  to  iron  Beaqnioiide,  whioh  is  in  hex- 
•fouol  tables,  and  portl;  to  orgonio  matt-era  (water-plaiite,  InfoaorU,  spongsB,  eta,). 

Pjr.,  eto.— B.B.  faaes  easily.  Soloble  in  water,  100  pacts  of  water  at  iS  .5'  C.  taking  l^ 
04-6  parts. 

Obs. — Occurs  at  SuiaBfuit,  where  it  forms  beds  In  tlie  upper  port  of  the  salt  formatira, 
■Itemating  with  tMimer  beds  ot  common  salt  and  kieserite,  and  also  mixed  with  the  common 
Mit.  Its  beds  ouosist  of  snbordiiiBte  beds  of  different  oolorg,  reddish,  blitiiOi,  brown,  deep  red, 
•ometimeH  oolorleBa.  S;lTite  oogucb  in  the  camaUil«.  AIbo  fuimd  at 'Westei'cgeln  ;  with  aolt 
at  HamoQ  in  Petss,     Its  riolineas  in  potassiam  mokes  it  valuable  for  exploration. 

TAcnnvDRiTE.— Compowtion  CBMg;,Cl.  +  12aq=C«Cl.-l-2MgCl,  +  liaq  (Ramm.  )=Chlarine 
40'3,  magnesium  B'S,  oaloiumT'S,  water  427=^100.  Color  yellowish.  Deliquescent.  Stai*- 
tart. 

KaSMSBBTCB.— Probably  SNH,Ct+2KCl-(-FeC3(-)-8aq.    Temniu. 

SKITHBoainxRiTB,  also  from  TetaTiDS,  is  SKCl-t-Fe01i-l-2aq> 


8.  OSTCHLORIDES. 


ATAOAMITB. 


Orthorhombic.  7  A  /  =  112"  20',  (9  A 14  =  13I«  29' ;  <J :  ?  ;  rf  =  1-131 
:  1*492  : 1.  TJsnallj  in  modified  rectangular  prisms,  Tertioally  etnated ;  also 
in  rectangular  octahedrone.  Twine:  twinning-plane  I;  coiieisting  of 
tiiree  individuals.  Cleavage:  t-i  perfect,  1-t  imperfect.  Occurs  also  maa* 
live  iainellar. 

H:.=3-3-5.  G.=3-761  (Klein),  3-898  (ZepharoTich).  Lustre  adamantine— 
vitreous.  C>olor  various  uiades  of  bright  green,  rattier  darker  than  emerald, 
aometimee  blackish-green.  Streak  app^-green.  Translucent— aubtnui» 
laoent. 
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Oomp.— OuClt-h8H,0cOi=Cblozi]>e  10-ft4,  ooppei  09-4S,  oz7g«ai  11*SS,  wktet  12-68=100. 
Alio  ol^er  oompoimda  with  mora  water  (18  and  S^^  p.  a). 

Pyr.,  etc.— Di  tba  dosed  tube  gives  oO  mach  water,  and  formi  a  gnj  gnbUraato.  B.B.  on 
^huicoal  fuses,  oolonng^  the  O.F.  siare-&lae,  with  a  green  edge,  and  giviag  two  oOktingB, 
one  brownish  and  the  othei  giraTiah-white :  continned  blowing  ;ielda  a  globule  of  metolUa 
copper  ;  the  coalings  toothed  w^th  the  B.F.  TolMJlii«,ooloriog  the  flame  niora-talao.  Inadda 
eaailj  Bolnble. 

Obi^-Occara  in  diflennC  parts  of  Chili;  In  the  distriot  of  Tanpoc*.  Bolina ;  atTocopilta 
In  Bolivia ;  with  malachite  in  Sonth  Anstralin ;  Seiro  do  Bembe,  Dear  Ambiiz,  on  the  west 
oosst  of  Africa ;  at  the  ^trella  mine  in  soQtbem  Spain ;  at  SL  Jiut  in  Cornwall. 

T^IXtNolTB.— Conipo«itionCnCli+4H,CuOi+^.  In  thin  orasts.  Color  bloe.  Botal- 
ladk  mine,  Cornwall, 

Atelitb. — Composition  CnOli+SBiCaOi  +  aq.     Formed  from  tenorite.     Vetnviaa. 

pERCVLiTii. — An  oz;chloiide  of  lead  and  ooppei.  Oocnis  in  minnts  akf-blne  onbe^ 
Souora,  Mexico ;  So.  Afiioa. 

Uati^ckitb.— Composition  IbCl,+PbO=IieadehloiideCS-9,  lead  oxide  44-0=100.  Crom> 
toid.  near  Matlock,  Derbjfihire. 

HENDlrmc,— Composition  PI CI,+2FbO=Lead  chloride  E8'4,  lead  oiide  61-6=100.  In 
oolnmnai  massea,  often  radiaU  d.  Color  white.  Hendip  Hills,  SomeiBetahire ;  Biillon, 
Weatphalia. 

BcitWAUTZBKBEBaiTB. — OompOBition  Pb(I,Cl)]+2PbO,     Color   jellow.     Desert  of  Ata- 

Daubbbitb.— Compomtion   (Bi,Oi)tBiCli=Bi,Oi  7616,  BiCl,  23-84=]00.      AmorphoiUL 
Btntotnre  earthy,  sometimas flbrona.     Color  yellowish^ra;.     H.=S-S.     Q.=0-4-4-S.    Fiom 
'     "      '      'i,  OnrodeTaoaa,  Bolivia  (Domeyko). 
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IV.  FLUORINE  COMPOUNDS. 


1.  ANBTDROUS  FLUORIDES. 

"^  FLUORITB  «r  TLUOB.  SPAS."  Fluapkth,  Oerm. 

laometric;  forms  usually  cubic  (ace  f.  39,  40,  41,  52,  53,  etc,  pp.  10 
to  19).    Cleavage:  octahearal,  perfect.    Twins: 
twi tilling- plane,    1,    f.    SJ66,    p.    91.      Massive.  . 

Rare]}'  wlinnnar ;  nsnally  granular,  coarse  or 
fine.  Crystals  often  having  the  surfaces  made 
np  of  small  cubes,  or  cavernous  with  rectangular 
C8  vitiea. 

fl.=4.  G.=301-S-25.  Lustre  vitreous ; 
bomctimes  splendent ;  usually  glimmering  in  tlie 
massive  vaneties.  Color  white,  yellow,  green, 
rose,  and  crimson-red,  violet-blue,  sky-blue,  and 
brown;  wine-yellow,  greenish  and  violet-blue, 
most  common  ;  red,  rare.  Streak  white.  Trans- 
parent— subtranslucent.  Brittle.  Fracture  of  fine  massive  varieUes  flat- 
conchoidal  and  splintery.  Sometimes  preseutin);  a  bluish  fluorescence. 
Phosphoresces  when  heated. 

Oomp.,  Var. — Caldnm  flaoride,  OaF|=FIaoriiie  48'T,  oaldom  61 3=100.  Beneliiu  found 
0*3  of  raldnjii  phosphiitelntlieflaiMribeof  Doibjihlia.  "nis  prBseuce  of  ehloiliiewM  detected 
Mil;  bj  Saheele.  KeiBten  found  It  in  flnoT  fron  Harienbei^  and  Freibei^.  The  bright 
colora,  M  shovn  hj  Kenngotti,  are  lost  on  heating  the  mineral ;  tbey  are  attributed  mainly  to 
different  hydiocoiboa  compoiindB  by  Wyronbofl,  the  tuTstoUiution  having  talcan  plaoe  Rom 
ftqneoiia  aolntion. 

Tm.  Ordinari/ ;  (a)  cleavable  or  orjBtiJlIiod,  very  variona  in  oolors;  (i)  ooarse  to  fine 
niuialar ;  («)  earthy,  dull,  and  sometimes  very  soft.  A  soft  earthy  variety  from  Batofka, 
Ronia,  of  a  laTsuder-blue  color,  is  the  ralof/aU.  The  floely-colored  Quoritcs  have  been 
oulled,  according  to  their  colors,  falte  ruby,  topas,  emerald,  amethyst,  etc.  The  colors  of  the 
phospboraaoent  l^ht  are  various,  and  are  independent  of  tJie  aotuol  oolor ;  and  the  bind 
affording  a  green  oolor  is  (d}  the  eiUorophane. 

Pyr.,  eto. — In  the  closed  tube  deorepitatea  and  phoaphoresceB.  B.B.  in  the  foroepa  and 
on  ohnrcoal  fnaes,  ooloring  the  flame  rud,  to  an  enamel  which  raacbi  alkaline  to  test  paper. 
With  soda  on  platinum  foil  or  charcoal  foses  to  a  oleaz  bead,  becoming  opaque  on  oooling  ; 
with  an  excess  of  soda  on  charcoal  yields  a  residufl  of  a  difficultly  fusible  enamel,  while  mart 
of  the  soda  sinks  into  the  coal ;-  with  gypsum  tusea  to  a  transparent  bead,  becoming  opaqni 
ott  oooling.  Fused  in  an  open  tube  with  fused  salt  of  phosphotna  gives  the  reoctloii  for  flnop' 
bu.     Treated  wiUi  snlphuiio  aoid  givea  fumea  of  tvdrofluorio  acid  which  etob  glaN,    F)M» 

r„i„...^.>)i.^i^ 
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ptLorewenoe  Is  obtained  from  Uie  oooiaelj  powdered  ipu  bdow  ft  red  hut     At  a  hl^  t«aii- 
pentore  it  ceasea,  bnt  is  putisU^  restored  ij  an  electzic  diachaige. 
Diff. — Bscogniied  b^  ila  ootahednl  cleaTage,  ita  etching  power  when  hekted  in  tlio  glatt 

Obi. — Sometiraea  in  beds,  bnt  generally  in  veins,  in  gneiaa,  mics  alate,  ol^  alate,  and  abo 
in  linjestonea,  both  oyatitlline  and  undyatalline,  and  aandttoties.  Ofteu  occora  aa  the  gangua 
of  melaltic  ores.  In  the  North  of  England,  it  is  the  gsng^ic  of  the  lead  veinx.  In  Derbj- 
Bhlre  it  ia  ubtrndant,  and  also  in  Comwall  Common  in  the  mining  district  of  Saxonf ;  Su« 
n'^ar  Kongaberg  in  Norway.     In  the  dolomitea  of  St.  Oothard  it  oocura  in  pink  octohedrona 

Some  American  localities  are  ;  Trambnll  and  Plymouth,  Conn.  '  Hnscolonge  Lake,  Jeffer- 
son Co.,  N.T,,  in  gigantic  cnbes  ;  Eossie,  St;  Lawrence  Co.  J  near  the  Etnnkliii  furnace,  M.  J.  ; 
Onllatin  Co.,  111. ;  Thunder  Bay,  Lake  Superior;  Mlbbouil 

Skli.aitb  (Stitiver). — Magnesium  fluoride,  UgF,.  Tetragonal.  Colorlesik  Oocunwith 
anhydrite  at  Oerbulaa  in  Savoy. 

Yttbocbritb,— Composition  2(l)CaFi+2TFj+CeF;)-!-3Bq  (Eamm.).  Color  riolet-blne, 
white.    Near  Fahlun.  Sweden  ;  Amity,  N.  Y.  ;  Poria.  Me.  -  etc. 

FmoCBRiTK — Contains  {BerMlina)  eeO,  83M,  TO  1-12.     Sweden. 

Flcellite. — Contains  (Wollaston)  fluorine  and  aluminnm.     Cornwall 

Cryptoiialitb.— Fluoailicate  of  ammoniam.  Vesnvioa.  Also  observed  at  Tesuvina, 
^dr^wniU,  HF,  and  praidonite,  SiFi  (Scaochi). 


A' 


ORTOIAB.* 


Triclinic  (DesCloizeanx  and  Webeky).     Form  approaching  very  cloeelj 
in  appearance  and  angles  to  the  cube  and  cnbo- 
jgA  octahedron  of  the  iaometric  avBtem.     Geneial  habit 

as  in  f.  460  ;  P{0)  A  T{I)  =  W°  2',  P{0)  A  M{I') 
=  90°  24',  Ma  T(Ia  I')  -  91°  57' ;  also  I  (l-i'l  A  M 
(/')  =  124=  30',  I {1-i')  A  TU)  =  124°  14'  {antrtes  by 
Websky).  Twins  common.  Cleavage  parallel  to 
the  three  planes  /*,  3f,  T,  in  cryetals  most  com- 
plete parallel  to  T,  in  masses  pai-allel  to  I*.  Com- 
monly massive,  cleavable. 

II. =25.  (*.=^2'9-S077.  Lnstre  vitreous;  sliphtlv 
pearly  on  0.  Color  snow-white  ;  sometimee  i-eddisn 
or  brownish  to  brick-red  and  even  black.  Snb- 
transparent — translucent.  Immersion  in  water  in- 
creases the  transparency.     Brittle. 

Oomp^Na.AlF,,  (or6ITaP+AlF,)-Alnminnm  13-0,  aodinm  82-8,  fluorine  54-2=100. 

Pyr.,  etc. — Fuaible  In  the  flame  of  a  candle.  B.B.  in  tbe  open  tube  heated  so  that  the 
flame  ontera  tbe  tnbe.  givea  off  hydrofluoric  aoid.  etching  the  glaes ;  the  water  which  con- 
denses at  the  upper  end  of  the  tnbe  reacts  for  flaorine  with  Brazil-wood  paper.  In  the  for- 
oepa  fuses  very  easily,  coloring  the  flame  yellow.  On  the  charcoal  fuses  easily  to  a  clear  bead, 
which  on  cooling  becomes  opaque;  after  long  blowing,  the  assay  spreads  out.  tbe  aodiam 
fluoride  is  absorbed  by  the  co^,  a  anffocating  odor  of  fluorine  ia  given  off,  and  a  crust  ol 
alnmiuaremalna.  which,  when  heated  with  cobalt  solution  In  O.  F. ,  gives  a  blue  color.  Soluble 
te  Bulphnrio  acid,  with  evolution  of  hydroflnoric  acid. 

Diff. — Distinguished  by  ita  extreme  fusibility,  and  ite  yielding  hydrofluoric  acid  in  the  open 
tDbe. 

Obi.— Occnts  in  a  b^  in  Aiksat-flord,  In  Wert  Qreeoland,  at  Evigtok,  where  it  oonstitatea 
ft  lait«  bed  or  vein  in  gneiss.  It  is  used  for  making  soda,  and  soda  and  alumina  solta ;  also 
In  Pennsylvania,  for  the  manufacture  of  a  white  glass  which  is  a  very  good  Imitation  of 
porcelain. 

Cmoi.mt.—G.  =3-84-2-80.  Na,AlF,(or8NaF-(-An',).  Chodnbffitk.— O.  =8-01.  Na,AI 
T,i(or4NnF.)-A1Fi)  Bamm.  The  two  minerals  arc  tii^.«  In  phyalcal  obaraoters,  ooonnlnf 
In  minute  tetragonal  pyramids ;  both  from  Uiaak. 

n  .J  ii,-j'- ■;■-  V-  it.n.is;i^- 
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S.   HYDROUS    FLUORIDES. 


FAO^HOI^TB.    ThomaenolitiB.* 

Monoclinic,  with  tho  lateral   axes  equal    ("clino-quadratic"  Nordem 
kiald).   i:h:d  =  1-044 :  1 :  1 ;  C  =  92"  30'.   PriBinB  slender, 
a  litue  taperin<; ;    /  horizoiitallj  striated.     Cleavage :  basal 
very  perfect.     Also  massive,  opal  or  tihalcedoiiy-like. 

Ii.=2-5-4.  G-.=2929-3008,of  cn'Btala.  Lnstre  vJtreona, 
of  a  eleava^face  a  little  pearly,  of  massive  waxy.  Color 
white,  or  with  a  reddish  tinge.     Transparent  to  tratishiceiit. 


Oomp.— NMCa,AlFii  +  Saq,  or  3SaP +8CftP,  + AlPi  ■t-2aq  =  FInciriiie 
S1.28,  Klammam  12'^,  caloinin  17*B9,  aodiDm  10-35,  water  S'lU^lOO. 

Pyr.,  etc. — FuEOB  man  eoeily  tban  oiyoUte  to  a  dear  glass.  The  massive 
deorepitatea  remarkably  in  the  flame  of  k  candle.  In  powder  easilj  deoom- 
poeed  by  snlphnria  add. 

Obi. — Found  iucmatuig'  the  ciyolite  of  Qreenlond.  and  a  result  of  its 
alteTHtion.  The  crystals  often  have  an  oohre-colored  coating,  eapedaliy  the 
tenninnl  portion ;  they  ore  sometimes  qalte  large,  and  have  much  the 
appeanmco  of  oiyolite  The  mineral  was  flist  described  by  Knap,  and  tfaoogh  his  desodptttn 
of  the  crystals  does  nob  agree  with  that  giien  above,  there  seems  to  be  no  donbC  that  the 
material  was  the  same,  which  has  sinoe  been  Investigat'  d  by  Hagemann  (dimetric  paehaeliU 
■sthomtenaiitc),  Wiihlec  [pyroamiie)  and  Kisnig,  as  nrg-'d  by  the  latter. 

Knop  originally  described  two  vorietieB  of  the  mineral,  to  which  he  gave  the  name  pochno- 
lite.  The  vorie^y.  A,  appeared  in  la^e,  cnboidal  crystals,  with  cleavage  planes  parallel  tfl  the 
fnoea,  intersecting  at  angles  of  approximately  90" .  These  cleavage  planes  seemed  to  be  oon- 
tinned  on  into  the  mass  of  the  cryolite  on  which  tlie  crystals  were  implanted.  The  second 
variety,  B.  was  in  small  brilliant  crystAU,  of  prismatic  form,  grouped  together  often  in  par- 
idlel  pOBitionnpon  the  cryolite  (hence  the  name,  fromiriix"Ii/"»'')-  The  identity  of  the  two 
rorieties  chemically  was  shown  by  the  analyses  of  Knop  and  Wohler.  The  crygt^  of  variety 
B,  aooording  to  Knop,  had  iA  1=  81"  24',  etc 

Knop  has  reoenUy  (Jahrh.  Urn.,  18TS,  849)  suggested  the  possibility  that  the  crystals  of 
"oiycjite,"  npon  which  Websk;  obtained  the  angles  qnoted  on  the  preoedingpag^e,  were  really 
identical  with  variety  A  of  paihnoiiU.  The  erystallographio  relation  of  the  two  spedes  is  not 
yet  clearly  made  ont 

ARKSOTiTn,  HAQBMANNrrK,  OxABXaUTFTS,  all  from  Qreenland  ;  and  Probopitk,  from 
Altenberg.— Flaodne  minerals,  related  to  those  whioh  preoede,  bat  whose  exact  nature  ii 
Dot  yet  Imowu. 

Balstokite  (Bruthy — In  hydroos  slnmlnnm  flnoride,  aomtalnlng  also  a  little  ma^cueaiuia 
and  sodiam.     Ooonn  in  ti '""*■»  regnlar  ootohedrona  on  the  oijolite  from  Qreealind. 
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V.  OXYGEN  COMPOUNDS. 


1.   OXIDES    OF    H&TAJ^   OF    THE    GoLD,    IbOIT,   OB   TlN   GSUVTB. 

A.  AKHYTBOUS  OXIDES,      (a)  Peotoiides,  RO(ot  E,0). 
\    OUFRTTB.     Bed  Ooppar  Ore.     Botliknpleren,   Germ. 

Isometi-ic   (see  fignreB  on  p.  17).      Cleavage:   octahedral.      Sometimos 
(jubcB  lengthened  into  capillary  formfl.     Also 
461  massive,  granular;  Bometimes  earthy. 

H.=3-5-4.  G.=5-85-615.  Lustre  ador 
maiitiiie  or  aubmetallic  to  earthy.  Color  i^, 
of  variouB  shades,  pailiculaily  eochineal-red ", 
occasionally  crimson-red  by  transmitted  light 
Sti-eak  several  shades  of  brownish-red,  shiD 
ing.  8u!)transpareiit — sub  translucent.  Frao 
ture  conchoidal,  uneven.     Brittle. 


Comp.,  V«r^Cn,0=0»ygBnI13,  oopper  88 -8=100 

BometimeB  aSords  traces  of  Belenium.  GhntcettiehiU 
it  a  Tarietj-  which  ooonrs  in  o^uUary  or  ecicolat  ctyB- 
tBllizatioiiB,  which  ore  cnhei  elongated  la  the  dixecdon 
of  the  ocbihedral  axis.  It  also  occnn  earthy;  I'Ot 
Ore  (Ziegelere  Germ.).  Brick-red  or  reddish-brown 
and  earthy,  often  mixed  with  red  oxide  of  iron ;  some- 
tunes  nenily  black. 
Pyr.,  etc. — TTnaltered  in  tba  closed  tube.  B.B.  in  the  forceps  fam»  and  colon  the  flame 
em^ald'green;  If  previooBly  moistened  with  hydrochloric  acid,  the  oolor  imparted  to  the 
Home  ia  momentarij  j  ntnre-blne  from  oopper  chloride.  On  charcoal  first  blackens,  then  foaea, 
and  is  redaced  to  metallic  copper.  With  the  fluxea  gives  reactionB  for  oopper  oxide.  Soluble 
In  concentrated  hydrochloric  aoid. 

Obs. — Oocnrs  in  Thuringia ;  on  Elt>«,  in  cnbea :  in  Cornwall ;  in  DeYonshlro  ;  in  Isolated 
oiyBtalB,  in  litbomar);^,  at  Chesi^,  near  Lyons,  wnioh  are  Kenemlly  coated  with  malachita, 
etc.  At  the  Somerville,  and  Flemingfton  oopper  mines,  Ni  J.  ;  at  Cornwall,  Lebanon  Co., 
Pa. ;  in  the  Lake  Saperior  region. 

HTDBOCUritrrs  {Otnth). — A  hydiotu  cnprit«.  Ooonrs  In  otange-yellow  ooatdngs  on 
Rtrgnetite.     Cornwall,  Lebanon  Co.,  Pa. 

J_.       ZINOmi.    Bed  Zinc  Dtp.     Bothzinkerz,  Germ. 

lJcj:ftg(5nar.  0M=  118"  7';  c  =  1'6208.  Inqiiartzoidsw-itli tmneated 
snmmite,  and  prismatic  faces  L  Oleavage:  basal,  eminent;  priamatie, 
aomotimeB  diBtiuct.  Usual  in  foliated  grains  or  coarse  particles  and  masses; 
«1bo  granular. 

H.=4-4-5.  G.=5-43-6*T.  Lustre  eubadamantine.  Streak  orange-yel- 
low. Color  deep  red,  also  orange-yellow.  Translncent>— subtranslucent. 
Fracture  snbconchoidal.    Brittle. 
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Pyr.,  etc  — He»ted  in  the  ctoeed  tnbe  blu^ena,  but  on  oooling  remmes  tdie  oilgiii«l  etHae. 
B.B.  iotoHlb.fl  ■  with  the  fluxes,  on  the  platmoni  wire,  give*  reactions  for  m&ngiuiese,  and  ob 
obanxiBl  in  B.F.  gives  a  coating  of  sine  oxide,  fellow  while  hot,  ood  white  on  ooelin^.  Tb« 
ooating:,  moiBtened  with  cobalt  eoluUon  and  treated  in  B.F.,  asBnmea  agieen  oolof.  Soluble 
in  koids  without  eSterveaneuoe. 

Oba.— OocoTH  with  franklinite  and  also  with  calcile  at  Stirling  Hill  and  Mine  Hil],  SnMex 
Oo„  N.  J. 

OaLCOZisciTE.— ImpDM  Eindte  (mixed  witli  GaCOi,  etc).    StitlirtK  Hill,  N.  J. 

TENORTTB.*  Helaconttb.    Schwaratnpferera  (KupfenchwBiie),  Berm. 

Ortliorhombi<!  (tenorite),  cryatalB  fiom  Vesuvius.  Earthy  ;  maesiye  ; 
pulvemlent  (melftconitej ;  also  in  shining  flexible  scales ;  also  rareljr  in 
cnbes  with  truncated  angles  (psendomorphous !). 

H.=3.  G.=6'25,  massive  (Whitney).  Lustre  metallic,  and  color  steel  oi 
iron-gray  when  in  thin  scales ;  dull  and  earthy,  with  a  b!ack  or  grayish- 
black  color,  and  ordinarily  soiling  the  fingere  when  massive  or  puheruIenL 

Oomp_CnO=Oz;gen  20-lS,  copper  79 '85=100 

Pyr.,  eto.— B.B.  in  O.F.  infnsible  ;  othei  leactiona  as  for  cnprite  (p.  Zii).  SolnUe  In 
bfdrocblorio  and  nitrio  acids. 

Obs. — Found  on  Imn  at  VesDvina  In  minute  scales;  and  atso  pnlvemlent  (Scaochl,  who 
JUBB  the  name  melaconisa  for  the  mineral).  Common  in  the  earth;  form  [meiaeonite)  abont 
copper  mines,  ae  a  ceaolt  of  Uie  deoompo«!tion  of  chalcopjrite  and  other  copper  ores.  Dock- 
town  mines  in  TennesHe,  and  Keweenaw  Point.  L.  Superior. 

Pebiclasitk. — EasenttaUy  magnesinin  oxide,  MgO,  or  more  exactly  (Hg,Fe)0,  where 
Us:  FB=aO :  1,  or  SO  :  1.    Ht  Somma. 

BuBSEHiTB. — NiO.  Found  at  Johanngeotsenatadt.  The  compound  MnO  has  been  found 
recently  in  Wermland,  in  masses  of  a  green  color,  and  witb  cubic  cleavage.  See  mangano- 
site.  p.  481. 

Uabsicot  (BlelgIfittB)._PbO,  but  KenaraUj  impore.  Badenweiler,  Baden.  Mezleo. 
An»tin's  nines,  Ta. 

HYDOABaTBiTB.— EgO ;  with  BouxMiTB,  AgQ+HgCl,  at  Loa  Bordoa,  ObllL 


(J)  SESQnoxiDES,    Gbnikai  Fobbuia  -RO,. 
tC      OORUNUmi.* 


Rhombohedral.  B/^Jt  =  8Q°4',  Oa  KJH)  = 
scharof);  ^=1-363.  Clea^-ace:  basal,  some- 
times perfect,  but  interrupted,  commonly  im- 
perfect in  the  blue  variety;  rhombohedral,  often 
perfect.  Large  crystals  usually  rough.  Twins : 
compoBition-face  li.  Also  massive  granular  or 
impalpable :  often  in  layers  from  composition 
parallel  to  ii. 

I[.=9.  G.=3-909-4-16.  lustre  vitreons ; 
BomctimeB  pearly  on  the  basal  planes,  and  ocoa- 
Bionally  ejthibiting  a  bright  opalescent  star  of 
six  rays  in  the  direction  of  the  axis.  Color  blue, 
»ed,  yellow,  brown,  gray,  and  nearly  wHte; 
streak  uneolored.  Transparent — translucent 
Fracture  conchoidal  —  nneven.  Exceedingly 
tough  when  compact 
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mbdlTWcma  of  the  ipeciea  promfneutly  reoo^Ized  in  the  alls,  ud  ontll  eulj'  in  thlg  Mntnq 
tefiorded  or  disdnct  BpeclM ;  but  wlu<^  BottuJlj  differ  onlj  in  pnritT'  and  rtate  of  OTjrtalllHt- 
tton  or  Blra  '110™, 

Tar.  1.  Sappbire — luclndea  tbs  purer  Idnde  of  flue  odorg,  tnngHTsnt  to  traiulnoant, 
tuefnl  aa  gem^  Stonea  are  named  according  to  their  colon ;  tzae  Jiupy,  or  Ori^rUal  Rubjf, 
red  ;  O   Toptf,  yellow  ;  0.  Bm&rald,  green ;   0.  Amethj/tt,  pnrple. 

2.  CoBUKDUU. — Includea  the  kinds  of  diuk  or  dull  colore  and  not  trenepaient,  colon  light 
|)lae  to  gray.  browD,  and  black.  The  original  adamantine  spar  from  India  hae  a  dark  gray- 
ieh  Bmokf -brown  tint,  but  greenilb  or  bluish  bj  transmitted  light,  when  tranalucent,  and 
eiUiei  in  distinct  oryatala  often  large,  or  cleaTablG-masaiva.  It  is  ground  and  nied  m  a  poliah- 
Ing  material,  and  being  purer,  is  aupcrior  in  this  reapeot  to  emeiy.  It  was  thui  employed  in 
ancient  tdmes,  both  in  India  and  Europe. 

8.  E^BRT,  Scbmirgel,  Offrm. — Indndea  grannlar  comndnm,  of  black  or  gnTiab-VIack 
color,  and  contalna  magnetite  or  hematite  intimately  mixed.  Feela  and  looks  much  like  a 
bla  ok  fine-grained  iron  ore.  which  it  woe  long  conaidered  to  be.  There  are  gradations  from  the 
ev^y  fine-grained  emery  to  kinds  in  which  the  comndam  is  in  distinct  cryabtla.  This  laat 
is  the  oane  \Fitb  part  of  that  at  Chester,  HassachtisettB. 

Pyr.,  etc. — B.B.  nnaltered  ;  slowly  dissolved  in  borax  and  salt  of  phoepboms  to  a  clear 
glaas,  nhich  ia  colorlesa  when  free  from  iron  ;  not  acted  upon  by  soda.  The  finely  pulTCllud 
mineral,  after  heating  with  cobalt  solution,  givea  a  beautifnl  bine  color.  Not  aat«d 
upon  by  acida,  but  converted  into  a  soluble  compound  by  fusion  with  potaaainm  bisnlphat« 
or  soda.  Friction  excites  electricity,  and  In  polished  specimenathe  electrical  attraction  oon- 
tinuea  for  a  oonsiderable  length  of  time. 

Diff^Distinguiahed  by  its  hardness,  acratching  quartz  and  topai ;  ita  infneibilily  and  ita 
high  spedQc  gravity. 

Obai — This  species  is  associated  with  oryitalline  rocks,  as  granoloi  limestone  or  dolomite, 
gneiss,  granit«,  mica  slate,  chlorite  alate.  The  fine  sapphires  are  usually  obtaii^ed  from  the 
beds  of  ciTors,  either  in  modified  hexagonal  ptiems  or  in  rolled  masses,  accompanied  by  giaina 
of  magnetic  iron  ore,  and  several  apecies  ot  gems.  The  emery  of  Asia  Minor,  according  to 
Dr.  Bmith,  occura  in  grannlar  limestone. 

Sapphires  occur  in  Ceylon ;  the  Eaat  Indies ;  China  Otnnndnm.  at  St.  Qotbard ;  in  Pied- 
mont ;  TTrala ;  Bohemia.  Emery  is  fonnd  in  large  boulders  on  some  of  the  Qreoian  islands ; 
also  in  Asia  Hinoi,  near  Bpheana,  etc.  In  If.  America,  in  MnttaekvtetU,  at  Chester,  corun- 
dum and  emeiy  in  a  large  vein ;  alao  in  Westchester  Co.,  N.  T.  In  JVna  yorit,  at  Warwiok 
and  Amity,  In  PmTUgkania,  in  Delaware  Co.,  and  Cheater  Co,  In  weatent  N.  Carolina, 
at  many  locsUtiea  in  luge  quantities,  and  aometimea  in  crystals  of  immenaanie.  In  Otorgia, 
in  Cherokee  Co.  In  California,  in  Loa  Angolea  Co. ;  in  the  gravel  on  the  Upper  Misaontl' 
itivei  in  HonKuft. 

V'     HBMATITM.    Specular  Iron.    Biaenf^ani,  Botheisenen,  ff«rRt. 

Rliombohedral.  JiAji^SG"  10',  (9a.H  =  122*'  30';  c  =  ]-8591. 
^>  A  f  2  =  118°  63',  (9  A 1*  =  103°  32,  5  A  f  2  =  154°  2'.  Cleavage :  par- 
ullel  to  Ji  and  0/  often  indietinct.     Twins:  twinning-plane  H ;  also  O 


^^^ 


Temvina.  Elba.  Elba. 

(f.  267,  p.  91).  Also  columnar — granular,  botryoidal,  and  Btalactitic  Bbai>ei 
also  lamellar,  lamins  joined  parallel  to  O,  SDd  variously  bent,  tliick  « 
thin ;  also  granalv,  friable  or  (impact 
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H.=6*5-6'5.  G.=4-6-5-3 ;  of  Bome  oompaut  varietiefl,  aB  low  as  4-3, 
Lnetre  metallic  and  ouuasloiially  splendeut ;  sometimes  earthy.  Color  dark 
ateel-gray  or  iron-blauk ;  in  very  thin  particles  blood-rod  by  trausmitted 
light;  wUen  earthy,  red.  Streak  clierry-red  or  reddish-brow  a.  Opaque, 
except  when  in  very  thin  lamiiise,  which  are  faintly  trausluceut  and  ulood- 
red.  Frautaro  Btibconchoidal,  imeTen.  Sometimes  attractable  by  the 
magnet,  and  occasionally  eveu  magnetipolai-. 
Oomp.,  Tar^-Iron  »e*qnioxide,  FeOi^Oijgea  80,  inm  70=100.     Bometiniet  ooiim1iiji«l 

The  varietiea  depend  on  teztnia  or  gtatia  of  Bg^regntlon,  wid  in  lome  cases  the  preaenM  >, 
tmpnritiea. 

Vu.  1.  Sptoutar.  Loatre  metollio,  and  <it7stalB  often  splendent,  wbenoe  the  luma  4|p«auJar 
Inm.     lb)  When  the  struotare  is  foliated  oi  mioaoeona.  the  ore  is  oalled  mienCMia  hematita 


(Eiaenglimmei).  2.  Con^aU  Bobtmaar  ;  orSbrona.  The  msBsee  of  ten  lonff  radiatinr ;  Itutra 
■abmetallio  to  metollio ;  color  brownish.red  to  iion-blaok.  SoinetimeB  called  T,d  htmaatt, 
the  name  hematite  among  the  older  mineralogTsts  inoladinf;  the  flbrooa.  aiaUotitic,  and  other 
solid  maasive  Tsrietiet  of  this  ipedes,  limonit«,  and  taigit^.  S.  Bed  Oclcrttnu.  B«d  and 
earthy.  Often  speoimens  of  the  preceding  are  led  ochreons  on  some  paito.  Reddte  and  rtd 
e'tillt  are  led  ochie,  mixed  witii  mora  or  leas  claj.  4.  Claj/ Iron-Uone  ;  Arg^aetoutlitmatUe. 
Hard,  brownish-black  to  reddi^-browD,  heavy  stone;  oft«n  in  part  deep-red  ;  of  snbmetallia 
h>  nnmetallio  Itutre ;  and  affording,  like  all  tiie  preoedicg,  a  red  stieak.  It  oanaists  of  iron 
weqaioilde  with  da;  or  sand,  and  oometimea  other  impnritles. 

Pyr.,  ato.— B.B.  infusible;  on  oharooal  in  B.F.  becomes  magnetio :  with  borax  in  0. F. 
^ves  a  bead,  whioh  is  yellow  while  hot  and  colorless  on  cooling ;  if  Baturated,  the  bead 
spears  red  while  hot  and  yellow  on  cooling  ;  in  K.F.  gives  a  buttle-green  color,  and  if  treated 
OD  obarcoal  with  tnetallis  tin,  uasnmes  a  vitriol-groen  color.  With  soda  on  charcoal  in  B.F. 
ia  reduced  to  a  gray  magnetio  metollio  powder.     Solnbie  in  concentrated  hydrochloiio  acid. 

DIff. — DistingoJsbed  from  magnetite  by  its  red  streak,  also  from  limonlce  by  the  aiuna 
meana.  as  well  aa  by  its  not  oontaining  water ;  from  tn^te  by  its  greater  hardness  and  by 
its  not  decrepitating  B.B.     It  Is  hard;  and  infutiiU. 

Obs. — This  ore  occnra  in  rocks  of  all  ages.  The  speoolai  varied  Is  mostly  confined  toays- 
talline  or  metamorphic  rocks,  but  is  also  a  result  of  igneous  action  aboni  some  volcanoes,  as 
at  Vesu\-ia«.  Travervella  in  Piedmont '  the  island  of  Elba,  afford  fine  upecimeas  ;  also  St. 
Gothard,  cfteo  in  the  form  ol  rosettes  [Eiteuroat ,  and  Gavradi  in  Tavetsoh;  anduear  Limoges, 
France.  At  Etna  and  Vasuvins  it  is  the  result  of  volcanic  action.  Acendol  in  Norway,  Long- 
ban  in  Sweden,  Framoat  in  Lraraine,  Dauphkuy,  also  Cleator  Moor  in  Cumberliuid.  are  other 
localities. 

In  N.  Amefien,  widely  distributed,  and  sometimes  in  beds  of  vsst  thioknesa  in  rooka  of  the 
Arohcan  age.  aa  in  the  Marquette  region  in  northern  Michigan ;  and  in  MiBSouri.  at  the  Pilot 
Knob  and  the  Iron  Mtn. ;  in  Arizona  and  New  Mexioo.  Some  oI  the  localities,  interesting 
for  their  specimens,  are  in  northern  New  York,  eto. ;  Woodstock  and  Aroostook,  Me.;  at 
Hawley.  Moss. ;  «t  Fiermoat,  N.  H. 

This  ore  afforda  a  considerable  portion  of  the  iron  monnfoctured in  different  countries.  The 
Tarietiea,  espeoi^y  the  apeonlar,  require  a  greater  degree  of  best  to  melt  than  other  ores, 
but  the  iron  obtained  is  of  good  qooUty.  Foiveriied  red  hematite  Is  employed  in  polishiug 
metals,  and  also  as  a  coloring  material.  The  &ne.grained  maaaive  variety  from  England 
(bloodstone),  showing irften  bmutifal  oonoboidol  fractare, is mnohnsedfor burnishing  metalsL 
Bed  ochre  is  valuable  in  making  paint. 

M.tBTrTB  ia  iron  sesquioxida  under  an  isometrio  form,  occurring  in  octahedrons  or  dodeoa- 
hedionH  like  magnetite,  and  sappoeed  to  be  pseud omoiphous,  mostly  after  magnetite.  H.  — 
B-7.  a.=4-800-4-833,  Brnsil,  Breith. ;  5-3S.  Monroe,  N.  T.,  Hont.  Lustre  snlimetallio. 
Color  iron-bUck,  sometimes  with  a  bronied  tomish.  Streak  reddish-brown  or  purplish- brown. 
Froctnm  conohoidol.  Kot  magnetic,  or  only  feebly  so.  The  crystals  are  sometimes  imbed- 
ded in  the  moHsiro  Eesquioiide.  They  are  distinguished  from  magnetite  by  tlieir  red  streak, 
and  very  feeble,  if  any,  action  on  the  magnetic  needle. 

Fonnd  in  Vermont  at  Chittenden;  in  the  Marquette  iron  region  south  of  L.  Superior; 
Baas  lake,  Canada  West ;  Digby  Neok,  Nova  iiootia ;  at  Monroe,  N.  T. ;  in  Moravia,  neai 
Schonbeig,  in  gcaoite. 


"  Ilvbhttb.     Titknio  Iron  OMl     Titanelaen,  OtitH. 

Bhombohedral ;  tetartohedral  to  the  hexagonal  type.    £f\Ji  —  8&'W 
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56"  (Kokecb,),  6  =  1-38468.  Angles  nearly  as  in  hematite.  Often  ■ 
cleavage  parallel  with  the  tfirminal  plane,  bnt 
pi-obftbly  due  to  planes  of  coinpoeition.  CryEtali 
usually  tabular.  Twins:  twinning-plane  Oi 
sometimes  producing,  when  repeaten,  a  form 
resembling  f.  468.  Often  in  thin  plates  or 
laniiuGb;  massive;    in  loose  grains  as  sand. 

H.=5-6.  Cr.=4-5-5,  Lustre  subinetallic. 
Color  iron-black.  Screak  eubmetalliu,  p<)wder 
black  to  brownish-red.    Opaque.     Fracture  con- 

choidal.  Influences  slightly  the  magnetic  needle. 

Oomp.,  Var. — (Ti,Fe),Oi  (or  hematite,  with  part  of  the  lion  icpkoed  bj  titaninm),  the  pro 
portion  of  Ti  to  Fe  varyiiiE.  Mosandei  assumes  the  pioportion  of  FeO  :  TiOg  to  be  alwaji 
1  :  1,  and  that  in  addition  vaiiable  amounts  of  FeOi  are  present  in  the  different  vaxieties. 
The  extensive  infesti(n>tioiiB  of  Ronuneiaberg'  have  led  him  to  write  the  forniuI&  like  Mosan- 
Aer  (FeO,TiO,)+'>FeO,  (notioe  here  that  PeO,TiO,=«Oi).  This  method  has  the  adTautag* 
of  explaininfT  the  pieeence  of  the  magnesiDm,  oocurriiip  sometimes  in  considerable  amoont,  it 
leplacing  the  iron  (FuOJ.  The  first  formola  given  requires  the  esaninption  of  HgiOi.  Fiiedel 
and  Guurin  have  recently  discussed  the  same  snbjoot  (Ann.  Ch.  Phya.,  T.,  viiL,  88,  1878). 

Sometimes  contains  manganeae.  The  varieUea  recogTuzed  arise  maialy  from  Uiepropoitiont 
of  iron  to  titanium.     No  Batisfactory  eztenial  distinctions  have  yet  been  made  oat. 

The  following  aoolyaes  will  ijlustrate  the  wide  range  in  oompoeition; 
TiO>        FeO,      FeO      UnO      UgO 

1.  DmenMtE.,  IbniaiU  46-02      1074      ST'SG      273        1-14=I)9*39,  Hosandei. 

a,  Snanun  lOOS      7717        8-53      l-aS.  AlO.  I-46=9eMI,  Eamm. 

8.  Watwicfc,  N.  T.         67-71 26-82      0-80      18  71  =  aB14,  Eamm, 

Pyr.,  etc.— B.B.  infusible  in  OF.  although  idightly  roanded  on  the  edres  in  B.  F.  With 
borax  and  salt  of  phosphorns  reacts  for  iron  in  OF.,  and  with  the  latter  flux  assumes  a  more 
or  less  inMnse  brownjnh-ied  color  in  B.F. ;  Wv  treated  with  tin  on  oharcoal  changes  to  a 
violet-red  color  when  the  amount  of  titanium  is  not  too  small.  The  pulverized  mineiKl, 
heated  with  hydroohlorio  aoid.  ia  slowl;  dissolved  to  a  yellow  solation,  which,  filtered  from 
the  undccomiiOBed  mineral  and  boiled  with  the  addition  of  tin-foil,  asaumea  a  beautifiil  bliu 
or  violet  color.     Decomposed  by  fusion  with  sodium  or  potassinm  biaulphaie. 

DiS. — Itesombles  hematite,  but  boa  a  aubmetallic,  nearly  hlack,  atieak. 

Obs. — Some  of  Che  pdnoipiil  European  locolitiea  of  this  apecies  are  :  Krageroe,  J^eTaimd, 
Arendnl.  Norway;  Uddewolla,  Sweden;  Ilmen  Uts.  (ilnenite);  Iserwieae,  BieBeDgebirge(tMr- 
Al«);  AsohafFenburg  ;  Eiaenach  ;  St.  Cristophe  (oricAtoni^e). 

Occurs  in  Warwick,  Amity,  and  Monroe,  Orange  Co.,  N.  Y. ;  olao  near  Edenville ;  at  Ches- 
ter and  South  BoyaUtou,  lijisB.  ;  at  Bay  St.  Paul  in  Canada;  also  vrith labradorite  (rf;  Chutean 
Biuhar,    QrMns  axe  found  in  the  gold  sands  of  Califorria. 


PEROFBEim* 


Isometric,  fioae  (fr.  Ural).  Habit  cnbic,  with  secondary  planes  incom- 
pletely developed ;  in  cubes,  octabedi-ona,  and  cnlxMKJtahedrons,  from 
ArkaUEas.  Twins:  twinning-plane  octaliedral,  Magnet  Cove,  Ark.;  also 
like  f.  276,  p.  93,  Achulato^  sk.  Cleavage :  parallel  to  the  cubiu  faces 
ratiier  perfect. 

n.  =  5-5.  G.=4-02-4'04.  Lustro  metallic — adamantine.  Color  pale 
?e.tow,  honey-yellow,  orange-yellow,  reddish-brown,  grayish-black  to  irou- 
black.    Streak  colorless,  grayish.     Transpai-ent  to  opaque.     Double  refract- 
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Oonp.— (Ga+Ti)0,=RO>=Tit(uuo  oiide  69-4,  lime  40-6=100. 

Pyr.,  ote. — In  the  forceps  and  on  ohaTcool  infueible.     With  salt  of  phoiphonia  in  O.F,  dis 

Klvra  eaalj,  giving  a  bead  groeniiih  while  hot,  which  beoomeg  coloidesa  on  oooling;  in  B.F. 
Uis  Lead  chatigee  to  ^prajish -green,  and  on  oooling  aaaumea  «  vinleb-blue  ooloc  Eutiielf  de- 
oompoaed  b;  boiling  Bolphurio  ludd. 

Oba — Occurs  at  Achmatovsk,  in  the  Ural  ;  in  the  valley  of  Zermatt  ;  at  Wildkreuzjoch 
in  the  Tyrol,     Also  at  Magnet  Cove,  Arkansas, 

DeiCloiwaQi  haa  found  that  the  yellow  azyBtala  from  Zermatt  hare  a  ooraplex  twinoed 
■tmotnce,  and  are  opbically  blaxioL  Koktohaiof,  in  bia  latest  InTSstigationB,  has  ahown  that 
the  Buaaian  apecimeni  also  ezhibib  phenomena  in  polarised  light  analognns  to  thoae  of  biaxial 
crystals,  though  irregular.  He  pcovoa,  however,  that  oiyntallographicall/  the  oryataU  ex- 
amined  by  >'''"  were  unquesttonably  iHOmetrio,  and  adds  also  that  almost  all  the  Rosaian 
peiofsldto  orjatoU  are  penetration -twins.  The  latter  fact  explains  the  oommoaly  obeerved 
■biiations  on  the  oubio  planes,  m  also  the  inoompluteneKS  la  Uie  dOTelopment  of  the  other 
fonoB.  He  refers  the  optical  irz^nloritiea  to  the  wont  of  homogeneity  in  the  crystals.  Dee- 
Cloizeaox  speaks  of  iuoloead  [amell»  of  a  doubly-rafraotingr  subeCance  analogooe  to  the  pnra- 
•ite  in  boraoite  crystals  (p.  17fl). 

HlI>ROT[TAJiiTB.^~A  deoomposiUon-prodnot  of  perofskite  orystals  from  Uagnet  OoTe, 
Art'flnmii     Form  retained  but  ooloi  ohanged  to  yellowuh-gray  (Koenig'). 


(«)  OovPOUHDi  or  FaoToziBBg  Asa  Sbsquioxides,*  KfiU,(or  KO+fiOJ. 

Spmd  Oroup.    IsoTnetric  {Octahedral 
SFINXIL.     "A 

Isometric.     Habit  octahedral.     Faces  of  octahedron  sometimes  couvex 
Cleavai^e :  octahedral.     Twins :  twinDing-pIane  1. 

H.=:8.     G.=3'5-4'l.     Lustre  vitreous;  splendent —  .„ 

nearly  dull.  Color  red  of  various  shades,  passing  into 
blue,  green,  yellow,  brown,  and  black;  occasionally 
almost  white.  Streak  white.  Ti-ausparent — neaily 
opaque.     Fracture  conchoidal. 


Oomp.,  Var. — Thespisels  proper  have  the  formnlaMgA:10.(— MgO 
+AIO1),  or  in  other  woida  contain  chiefly  magneaium  and  oluminnm, 
with  the  former  replaced  in  part  by  iron  (Ve),  calcium  (Ca|,  and  man- 
g;atie«e  (Ua);  and  the  latter  by  iron  (Fe).  There  is  hence  a  grada- 
tion into  kinds  containing  little  or  no  magnesium,  which  stuid  ae 
distinct  species,  viz.,  Hereynite  and  Qahnile.  Mg:^10(= Alumina 
72.  magnesia  28=100. 

Tar.  1.  Rubg,  or  Magnema  SfdruH. — Clear  red  or  reddish;  transparent  to  tmnBlncent; 
■ometimea  subtranslncent.  a.=8'fi2-3'68.  Compoaltion  MgAlO,,  with  little  or  no  Fa,  and 
sometimes  chromium  as  a  soaroe  of  the  red  color.  2.  Cej/lonite,  or  Iron-MagiUfia  ^net. 
Color  dark-^een,  brown  to  black,  mostly  opaque  or  nearly  so.  (r.:=3'I)-3'Q.  Cumpoaition 
MgAiO^-t-Fer^lOi.  Sometimes  the  Alia  replaned  in  part  by  Fe.  3.  PmiiU.  Contains  orer 
7  p.  0.  of  chromium  oxide.  Color  black.  Lustre  brilliant.  a.=4'0S.  The  original  wan 
from  a  rock  occurring  about  L.  Lherz,  called  LltfT^oiitt. 

Pyr.,  etc. — B.  B.  alone  infadble ;  the  red  variety  tarns  brown,  and  even  black  aaH 
opaque,  aa  the  temperature  inocsases,  and  on  cooling  becoraea  first  green,  and  thon  neurty 
•olorEess,  and  at  lost  resumes  the  red  color.  Slowly  soluble  in  borax,  more  readily  in  soit  of 
phOBphorns,  with  which  it  f^ves  a  reddish  bead  while  hot,  becoming  faint  chrome-green  on 

e  sometimes  r^arded  as  ttil»  of  the  aolds.  H|BO|, 
r„i„,.^.>,i.^i^ 
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eooling.  The  black  Tuietiea  giyo  i«»otIoiu  for  Iron  with  tlio  flnxM.  SolnJble  wtth  dUBool^ 
in  oonoeiitnit«d  sulphorio  ncid.     Decomposed  bj  fusion  with  Bodiiini  or  poturimn  blEolphate. 

UiS. — Distini^ni^ed  b7  itjB  ootahedral  fomi,  h&idneas,  uld  infnaibility  j  mag^netite  U 
Utraoted  by  the  ma^et,  and  zircon  hai  a  hig^her  apeoifla  gravity. 

Obs. — Spinel  oooniB  imbedded  in  ([canolar  limestone,  and  wiUi  oaluite  in  Mtpentine,  giuitm, 
(md  allied  locks.  It  alao  omnpies  the  caTitiag  of  maasea  sjeoted  l!rom  some  volcanoea,  e-g. , 
HL  SoDuno. 

Fine  »pineU  aie  found  in  Cejlon ;  in  Siam,  as  rolled  pebbles  in  tha  ohannela  of  riven 
Uoonr  at  Aker  in  Sweden ;  also  at  Monzoni  in  the  Fastathal. 

Fn>m  Amitjr,  V.  Y.,  to  Andovei,  N.  J.,  a  distanoe  of  about  80  miles,  is  a  ngion  of  ^rannlai 
Umectone  and  aerpentine,  in  which  localities  of  spinel  abound ;  numerous  about  Warwick, 
and  at  Uom-oe  and  Cornwall.  FranUin,  Steeling-,  Sparta,  Hainfaurgh,  and  Temou,  N.  J., 
are  other  localides.     At  Antwerp,  Jefferson  (Jo.,  S.  Y. ;  at  Bolton  and  elsewhere  in  Mas>. 

Hkrctnitb — FeAlO,  (orFeO-t-AlOi).     Color  black,    Uaaeire.     Bobamia. 

JA0OB8ITX  {I>amaur). —RBO„  oi  (Hn.Mg)  (Fe,Mn)0..  Color  deep  black.  Ooeea*  in  dis- 
torted ootahediona  (magnetio)  in  a  orjnMlliue  limestone  at  Jacotaberg,  Sweden. 

OAUMll'll.    Zlne  Spinel. 

Isometric.     In  octahedrons,  dodecahedronB,  etc.,  like  Bpinel. 

H.=7-5-8.  G-,=4-4'6.  Lnstro  vitreom,  or  eomewhat  greaoy.  Color 
dark  green,  grajish-^reen,  deep  leek-greeo,  ^■eenish- black,  bluish-black, 
yellowisii-  or  grayish-Drown ;  streak  grajish.     Bubtransluceiit  to  opaque. 

Oomp.,VBr — ZnA:10i=AlDmliia61-8,  oxide  of  nno88'7=100;  with  little  ot  no  magnenDm. 
The  lino  sometimeB  leplaoed  in  small  part  bj  manganese  or  iron  (Un,Fe),  and  the  aluminum 
in  part  by  iron  (Pel. 

Tar.  I.  AuiomoliU.  OK  Ziru  Oahnitt ;  with  sometimes  a  little  iron.  O.=4'l-4'0.  Cotonae 
above  given.  2.  Dj/dutU,  oi  ZiTia-Hfanganete-Ifon  QakniU.  Composition  {ZD.Pe.Mn) 
(AJ,Fe]04,  Color  yellowish-brown  or  grayish 'brown.  G.  :^4r4'6.  Form  the  octahedron,  oi 
tha  Bsme  with  truncated  edges.  8.  KrdttoTiiU,  or  Zinr-trea  Oahnite.  Compoeitioa  {,Za, 
Fe,Mg)(Al,Fe,0,.  Oocnts  In  oryatals,  and  granalar  massive.  H.=7-a  G.=4-48-4»i. 
Color  velvet  to  greenish-black;  powder  grayiaD-gxeen.     Opaque. 

Pyr.,  etc^Qivea  a  coating  of  zino  oxide  wbai  treated  with  a  mixture  of  borax  and  sodu 
on  ohaiooal.     Otherwise  like  spinel. 

Obs. — Auiomolila  ia  found  at  Fablun,  Sweden;  Franklin,  N.  Jaiaej ;  Canton  mine,  Qa.  ; 
lij/AuiU  at  Sterling,  N.  J.  ;  Kreittonitt  at  Bodenmais  in  Bavaila. 

y     MAQN  ll'rri'JJ.    UognaUo  Iron  Ore.     MagneteiMnBteIn,  Magneteisenen,  Gam. 

Isometric.    The  octahedron  and  dodecahedron  the  most  common  forme. 


Kig.  175  IB  a  distorted  dodecahedron.    Cleavage :  octshedrd,  perfect  to 


orrasR  ocarPoumM. — ^ashtdbods  ozime.  273 

Imuerfect.  Dodecahedml  faces  eommonlj  stri&ted  parallel  to  the  longer 
diagonal.  Twinp;  twi^^  ig-plane,  1 ;  also  in  dendrites,  branching  at  snglefl 
of  60°  (f.  277,  p.  l>3;  MasBive,  etractnre  granular — particles  of  variona 
sizes,  aometitiics  impalpatle, 

H,=5'5-6-5.  G.=4*9-iS"2.  Lnstre  metallic — Bnbinetallic  Color  irou- 
black ;  streak  black.  Opaque ;  but  in  inica  sometimes  transparent  or 
nearly  so ;  and  varying  from  almost  colortesa  to  pale  smoky-brown  and 
black.  Fracture  subconclioidal,  shining.  Brittle.  Strongly  tuagaetic, 
sometimes  possossing  polarity. 

Oomp.,Var.—FeFeOt  (or  FBiOi)=F«0-l-PaOi=Oz;gni  27-0,  iron 72'4=100;  or  iron  b«^ 
qnltnide  6S'97,  troa  protoxida  9103=100.  The  iron  ■ometimM  Toplaoed  in  anuJlputb; 
muneainm.     Alao  ■amebimes  titaniferoot. 

From  the  normal  proportion  of  Fe  to  Fe,  1  :  1,  there  fi  oooaBumallr  b  wide  TarutiDn,  and 
thna  a  pradnal  pEURsge  to  the  teBqnioxida  FeOi ;  and  this  fact  may  be  r^[ifded  as  evidmicc 
that  the  ociobedml  FeOi,  maitite,  li  oa\j  an  altered  magnetite. 

Pyr.,  etc. — B.B.  Tety  difBcnItly  fnsible.  InO.F.  loeealt*  Influence  <m  the  magnet  With 
the  flaiea  reacts  like  hematite.     Bolable  in  hjdioohlorio  acid. 

DM. — DiBtingnished  from  other  memben  of  the  apinel  gronp,  aa  alao  from  gsmet,  b;  ilji 
being  attracted  b;  the  magnet,  as  wel!  aa  b;  its  higb  specilo  gnivitj.  Also,  when  tttusiTV. 
b;  its  blaok  streak  from  hematite  and  Umomte. 

Oba.—Mueo elite  ia  mostly  cooBaed  to  crTstallme  rocka,  and  ia  most  abnndant  in  metamoi- 
phic  rocks,  tbongh  found  also  In  grains  in  eraptiie  rookx.  In  the  Andmoa  tot^  the  beds  are 
of  Immense  extent,  and  ooonr  tmdnc  the  same  conditions  afl  thoae  of  hematiM.  It  is  an  ingre. 
dient  in  moat  of  the  manive  Tarietj  of  oomndnm  culled  emerj.  The  earthy  magnetite  is 
foond  in  bogs  like  bog-irun  ore. 

Extensive  dep(»ita  oocnr  at  Arondal,  Iforwnj  ■  Dannemora  and  the  Tiiberg  in  Smaoland) 
in  Lapland.     FahJun  in  Sweden,  and  Cornea,  afford  octahedral  crystals. 

In  N.  Ameriuo,  it  oonetltates  vast  beds  in  the  Aroheaan,  in  the  Adirondack  region,  in 
Northern  N.  York ;  also  in  Canada ;  at  Cornwall  in  Penn^vania,  and  at  Hagnet  Core, 
ArkanBOB.  AIbq  found  in  Patoam  Oo.  (Till;  Fo8t«r  Uine],  N.  T.,  eto.  In  Conn.,  at  Haddam. 
In  P«nn.,  at  Chester  Co.  :  in  mioa  at  Pennaboiy.  In  CaliforaSa,  in  Bieira  Co.  ;  in  Plnmoa 
Co.,  and  elsewhere.     In  if.  SeoHa^  Digby  Co.,  Nichora  ML 

Haokksiofekbitb  iptagnc^emtt). — MgFeOv     In  ootahediona;    leaembling  magnetite. 


X) 


Isometric.  Kabit  octahedral.  Cleavage:  octahedral,  indistinct  Alsc 
massive,  cH^arse  or  fine  granular  to  compact. 

II.=5-5-6-5.  G.=5-069.  Lustre  metallic  Color  iron-black.  Streal 
dark  reddish-brown.  Opaque.  Fracture  conchoidaL  Brittle.  Act«  Blightl> 
on  the  magnet. 

Oomp. — (Fe,Zn,Mn)  (Fe,Mn)0,,  or  ootrespoodlog  to  the  general  formnla  of  the  spmin 
nonp.  thoogh  Tarying  mnch  in  relative  amoonta  of  iron,  dno,  and  maoganeae.  Analysis, 
Bterling  Hill,  N.  J.,  JFeO,  07-42,  AlO,  005,  FeO  I5ttS,  ZnO  0-78,  MnO  968=10013,  Soyma 
Q.  ratio  for  B  :  H=l  i  I  nearly.     In  a  oystal  bom  Hine  Hill,  N.  J.,  B^ma  tonnd  444  p.  a 

The  erolntion  of  Chlorine  In  the  treatment  of  tiie  mineral  is  attributed  by  t.  Kobell  to  thi 
pieaenoe  of  a  little  MnOi  (0  80  p.  o, )  as  miitare,  which  Rammelsbe^  obserrea  may  have 
come  from  the  oxidation  of  some  of  the  protoxide  of  manganese. 

Pyr.p  etc.— B.B.  infusible.  With  borax  in  O.F.  gives  a  reddish  amethystine  bead  (man. 
ganeae),  and  in  B.F.  thia  becomea  bottle-green  (iron).  With  soda  gives  a  bluish-green  man- 
gBoate,  and  on  cbareoal  a  faint  coating  of  zinc  oxide,  which  ia  much  more  marked  when  ■ 
mixture  of  boras  and  soda  is  used.  Solnble  in  hydroohtcrio  add,  wiUi  erolntdDai  of  a  small 
it  of  chlorine. 
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Ob*. — Ooctm  in  cubic  dyatala  near  Elbooh  in  KEiamn;  in  amorphona  maigea  at  Altenbct^, 
near  Aii  la  Gbapelle.  Abandant  at  Eomborg,  N.  J.,  USM  the  Pranklin  fninace;  alao  lA 
Starling'  H'H,  in  the  same  region. 

OBROMITE.*  Chromia  Iron.     Obiomelaeiiateiu,  Otna. 

l&oincti'iu.  lu  octahedronB.  Cotnmonly  massive ;  Btruutare  fino  granu- 
lar or  compact. 

H.=5-5.  G.=4-321-4-568.  Lu8tre  submetallic.  Streak  brown.  Color 
between  iron-black  and  browniah-black.  Opaque.  Fracture  uneven. 
Brittle.     Sometimes  magnetic 

Oomp.— FeerO,,  or  (Fe,Mg,Cr)  (Al,Pe,er)0,.  PeerO,— Iron  protoxide  33,  chrominmBeB- 
qaiaxide  68=100.     Magnesia  is  B«nerall;  present,  and  in  amooats  vatjing  from  0-24  p.  o. 

Pjrr.,  etc. — B.B.  in  O.F.  iofuHibla;  in  ILF.  slightly  ronnded  an  ttie  edges,  and  becomes 
magnetic.  With  borax  and  salt  ot  phosphonu  givea  beads,  which,  while  hot,  show  onl]'  a 
reaction  for  iron,  but  on  cooling  become  chroma-green ;  the  green  ooloi  is  iieightcacd  br 
fusion  on  charcoal  with  metallio  tin.  Not  acted  npon  b;  acids,  but  deoompoeed  b;  fusiCD 
with  potassium  or  sodiuni  bisulphate. 

Difi, — DistiDguighed  from  magnetite  bj  the  reaction  for  chromic  add  with  the  blowpipe. 

Obs — OccuiB  in  aerpeotine,  forming  veins,  or  in  imbedded  maseee.  It  aniata  in  giving  the 
TBj-iegatod  color  to  lei^e-ontique  miirbie.     Aliio  occurs  in  meteorites. 

Occurs  in  Syiin  ;  Shetland  \  in  Norway ;  in  the  Department  dn  Vor  in  France  ;  in  Silraia 
and  Bohemia  ;  in  the  Urals ;  in  New  Caledonia.  At  Baltimore,  Md.,  m  the  Ba[«  Hills  ;  at 
Cooptown.  In  Pennsjlvoiiia,  in  Cheater  Co.  ;  at  Wood's  Mhie,  near  Texas,  Lancaster  Co.. 
etc.     Cheater,  Mbk'.     In  California,  in  Montcrej  Co.,  eto. 

This  ore  affords  the  chromium  oiido,  used  in  painting,  eto.  The  ore  employed  in  England 
is  obtabed  mostly  from  Baltimore,  DronUieim  in  Norwayi  Biid  the  SheUand  isles. 

CimouPlCOTiTE  (Peteisea).— A  maguesion  chicmite.     Color  block.     New  Zealaud. 
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Ortliorhombic.    IM-  129° 38',  OM-i=  129°  I';  i:l:d  =  1-2285  : 
2-1267:1.     i-lAl  =  136"52'>iA 
473  477  2-2  =  128"  52'.  i-i  A  l-l  =  120"  7'. 

Plane  i-i  vertically  striated ;  and 
sometiinea  also  i-i,  and  otlier  verti- 
cal planes.  Cleavage:  1-i  quite 
distinct;  i-i  impei-fect ;  i-i  more 
so.  Twins:  twinning-plane  3-i,  ae 
in  f,  477  (see  p.  97),  made  up  of  6 
parts  by  the  crossing  of  3  crystals. 
H.:=8-5.  G.=3-.'i-3-S4.  Lustre 
vi treous.  Color  aiipaiagn s-green, 
Norwaj,  Me.  Ale^drite.  grass-gree",  ememld -green    green- 

^'  isli-winte,     and     yellowish-green, 

•onietimea  raspberry  or  eolumbine-red  by  transmitted  light.  Streak  inicol- 
ored.  Tiansparent — translucent.  Sometimes  a  bluisli  opalescence  inter 
nally.     Fracture  coucboidal,  uneven 

Culizo-;v>^it.ll.lVll^ 
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Vbt.  1.  Ordiruirji. — Ctdor  pnle  green,  beu^oalored  by  Iron.  0.=^8.697,  H»ddsm;  8*784 
bull;  8'689,  Unl,  Itose;  SSSS,  Orenboqr,  KokBabalot.  2.  AUnandriU.— Color  emerald- 
neen,  bat  oolaiabme-rad  by  traiunuitted  li^hC  Q.  =3  -Sii,  mean  ol  re«<Uts,  Koksohaiof . 
Supposed  to  ba  ooloied  b;  chiome.  CiysUda  often  rerj  latge,  and  in  twuu,  like  1  477, 
•ither  ail-Bided  or  Bii-ra7ed. 

Oomp Be AlO I  =  Alumina  SOU,  glncina  19*8=100.     Iron  u  alw  often  prDMnt,  thongli  not 

In  the  trBOBparant  Tadeties.    Isomorphoiu  with  ohijiolite. 

Pyr.,  sto. — B.  B.  alone  nnnlteied ;  with  soda,  thu  imface  ie  merely  rendered  dull.  Witb 
bonu  or  salt  of  pbosphorua  fuses  with  great  diffiaulty.  With  ooballi  BOlation,  Uie  powdered 
nineial  gives  a  bluisli  color.     Not  acted  upon  b;  aoida. 

Diff. — D'BtingniBhed  by  ita  extreme  hardneaa,  greater  than  that  of  topaz  :  and  its  infoai' 
billtj ;  also  chaniot«ciEed  bj  ita  tabular  iSTSlAlliHitlon,  in  contrast  with  baiyL 

Obti. — In  Snail  and  abo  Ceylon ;  at  Morchendoif  in  Uoravia ;  in  the  Dr^ ;  in  the  Hooin* 
Hw^  Ireland ;  at  Haddam,  Ct  ;  at  Norway.  Me. 

When  transparent,  and  of  raffloient  liie,  ohiyaobeiyl  ia  out  witli  faoeta,  and  f onna  a  bMOtl- 
hi  T^lowIah-giMn  gem.    If  opalewent,  it  ia  nnoll;  «at  «n  MiocAon. 


(d)  Dedtozideb,  KO^ 
B%UU«  Qrovp.     Tetragonal, 


OASSTTEIBrrB.    Tin  Stone.     Zinnstein,  Zinnera,  Otrm. 


A 


Tetragonal.  Oh\'i  =  \W  5';  c  =  0-672i.  lAl,  pyr.;=121°  40'; 
Ih\  =  133°  34';  l-*Al-i,  pjrr.,  =^  ISS"  Sr.  Cleavage:  7  and  t-i  hardly 
diatinct.  Twins:  f.  478,  twnniiug- plane  I-4;  prodndng  often  complex 
fonUB  through  the  many  modifying  planes ;  sometimes  repeated  parallel  to 
all  the  eifj;lit  planea  1-i;  also  f.  480,  a  metagenic  twin.  Often  in  renifonn 
shapBs,  structure  fibrous  divergent ;  also  massive,  granular  or  impalpable. 


■  ^ 


n.=6-7.  G,=6-4-7'l.  Lnstre  adamantine,  and  erjstals  mnally  epleu- 
dent.  Color  brown  or  black ;  sometimes  red,  gray,  white,  or  yellow. 
Streak  white,  grayish,  brownish.  Nearly  transparent — opaque.  Fi"actiire 
eiibconchoidal,  uneven.     Brittle. 

Var^-l.  Ordinary,  Tin-atone.  In  oiTataU  and  massiTn.  Q,  of  ordinary  cryst.  606 :  of 
eoloilein.  from  Tipuani  K.,  Bolivia,  8-832,  Forbes.  2.  Wood  Tin  [Holi-Zinn,  Germ.),  In 
botTTOidal  and  renifonn  shapes,  oonoentria  in  atmotnre,  and  radiated  fibiona  interoallj 


a76 


DBBOBIFTirE  HntBKALOOT. 


•lUioii^  Tety  compkot,  with  the  color  brownith,  of  mixed  shades,  looking  aamowh&t  like  dij 

wood  in  its  colors.  O,  of  one  voriaty  S'614.  i^eam  tin  ia  nothing'  bnt  the  ore  In  the  «taU 
e(  tnnd.  as  it  occnra  along  the  beds  of  stxsams  or  in  the  giaTeJ  of  the  adjoining  region, 
it  hag  been  derived  from  tin  Teins  or  rocks,  through  the  weu  and  decomposition  of  the  rocki 
and  trunBportatioQ  bj  water. 

Comp SnO,=:Tin  78'8,  oiygen  31-4—100. 

Fjrr.,  etc.— B.B.  alone  anolteied.  On  obarooal  with  sod&  rednoed  to  metoUto  tin,  «nd 
glTes  a  white  coating.  With  the  fluxes  sometimes  giTes  reactions  for  lion  and  manganese, 
and  more  rarely  for  tantolic  oxide.     Only  slightly  acted  upon  by  aoids. 

DIS. — Distinguished  by  its  high  spedfiD  gntvity,  its  infusibility,  and  fay  its  yielding  metalllo 
(in  B.B.  from  some  varieties  of  garnet,  sphalerite,  and  black  tourmaline,  to  which  it  haa 
■ome  resemblanoe.     Specific  gravit.v  ((I'6)  higher  than  that  of  rucilo  (4). 

Obs. — Tin  ore  is  met  with  in  veins  traveising  gnuiite,  gneiss,  mica  sobist,  chlorite  or  cb^ 
■ohist,  and  porphyry.  Occurs  in  Cornwall:  in  Devonshire ;  in  Bohemia  and  Saxony  ;  at 
Limoges ;  also  in  Oohoia ;  Qreonland  ;  Sweden,  at  Finbo  ;  Finland,  at  Fitkoranta.  In  the 
E.  Indies ;  in  Victoria  and  New  South  Wales ;  in  large  quantities  in  Queeusland.  In  Bolivia, 
B.  A.  ;  in  Mexico. 

In  the  United  Stotea,  rare :  in  Maine,  at  Paris ;  in  2f.  Mamp.,  at  Lyme ;  in  California,  In 
Son  Beniaidino  Ckh  ;  in  IdaAo,  neai  BoonTill«> 


X 


Bunu).* 


Tetragonal.  OaW  =  U7''  l^i',  i  =  0-6442.  lAl,  pyr.,  =  128"  7i', 
IM  =  132°  20'.  Cleavage:  J  and  i-i,  distinct;  1,  in  tt-acee.  Tertical 
planes  uBuallj' striated.  CrrBtsla  of  ten  aciuiilar.  Twins:  (1)  twinning-plane 
1-t  (see  p.  94).  (2)  3-i,  malciiig  a  wedge-shaped  crystal  consisting  of  two 
individuals.  (3)  1-i  and  3-i  in  the  same  crystal  (£r.  Magnet  Cuve,  Kessen- 
berg).     Occasionally  couipact,  in&saive. 

488 


Graves  11m, ,  Go. 

H.=6-6-5.  G.=4-18-4-25.  Lustre  metallic- adamantine.  Cr.lor  trJ. 
dish-brown,  passing  into  red;  sometimes  yellowish,  bluish,  Molet,  bbx^k  ; 
rarely  grass-green.  Streak  pale  brown.  Snbtransparent — opa<^uc.  1  i-a<!- 
tuiij  simconcboidal,  uneven.     Brittle. 

Oomp.,  Tar.— Titanic  oxide,  'riO,=Oxygen30,  titaninm  01=100.     Bometimes  alitde  iron 

Fyi.,  ate. — B.B.  infusible.  With  salt  of  phosphorng  gives  a  colorless  bend,  which  in  R  F 
•ssnmes  a  violet  color  on  cooling.  Host  vsrieties  contain  iron,  and  give  a  browuirh -yellow 
or  red  bead  in  R.F..  the  violet  only  appearing  after  Treatment  of  the  bead  with  metallic  tin 
on  ohorcoaL  Instrinhle  in  adds ;  made  aoluble  by  fusion  with  an  alkali  or  alkaline  carbonate. 
The  solution  coDtaining  an  excess  of  acid,  with  the  addition  of  tin-foil,  givea  a  bcanUtv! 
nolet-cohir  when  concentrated. 

n  .J  ii.j'- ■;■.  V-  it.n.is;iC 
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DUE    OhukoterlMd  by  itape(iallai'mb-mdunaiitliittliigb«,  uidbroiraiih-rei]  color.    DUTbb 

nom  \  aznuliiie,  TeanTianitei  angite  in  beings  entirely  nnaltered  when  heated  alone  B.& 
StwoiEt  gravity  about  4,  oataitarite  O'S. 

O'yi,-  -Rntile  oocutb  in  graiute,  gnciBs,  mioa  date,  and  syenltla  Took»,  and  sometdmet  fat 
^nu) jln'  liinCBtonn  and  dolumita.  It  is  geDerally  fonnd  in  imtxidded  arfstoLa,  often  in  masaet 
at  niiBitt  or  feldfijiar,  and  fraqnently  in  acionlar  oxyRtals  penetiBtinK  quartz.  Veij  ooramonly 
Implanted  in  regular  position  upon  ucyatala  of  iLamatite,  aa  from  Caviadl  in  tbe  TaTetsobthaL 
Ocean  in  Nocway;  Finlaud  ;  Sanalpa,  Carinthia;  in  the  Crala;  in  the  Tyrol;  atSt-Gothard 
near  Freiberg  ;  at  Ohlapian  in  Transylvania. 

InMain*.  at  Warren.  In  Vermont,  at  Waterbnry  Eind  elsevbeie.  In  Matt,,  at  Baire, 
Sbelbame;  Sbeffleld.  In  Oann.,  at  Lane's  mine,  Monroe.  In  if.  Tort,  in  Orange  Co.; 
Bdenville;  Warwiok.  In  Ptnji.,  Cheater  Co.  In  JIf.  Gar.,  at  Crowder'a  Monntaio.  Iii 
0«^f^  In  HabentMm  Co.  ;  in  Linooln  Oa,  atOrarea' Hoontaio.  la  Ariantat,  »,t  Hornet 
Cove. 

Titanium  oxide  la  employed  for  ■  yellow  ooloi  In  painting  poroelun,  and  also  for  ginng  tba 
to  utiOolkl  teeth. 


OOTAIUlDblTB.*  Aii«t»»e. 


k 


1*77771.     Commonly  octahedral 


TetragonaL     <?M-»  =  119"  22' 
or  tabular-    1 A 1,  pyr.,  = 
SrSl'.    /Al  =  158'18'. 
Cleavage :   1  and  O,  per- 
fect. 

H:.=5-5-6.  a=3-82- 
3-95 ;  soinetimee  4-11-4-16 
after  heating.  Lustre 
luelalliu-adamantine.  Cril> 

or  variotie  shadea  of  brown,  passing  into  indigo-blue, 
and  black ;  greenish-yellow  by  transmitted  light. 
Streak  nncolored.    Fracture  suboonchoidal.    Brittle. 

Oomp. — Like  mtdle  uid  brookite,  pnra  titanlo  oxide. 

Pjrr.,  etc. — Same  aa  for  mtUe. 

Oba. — Abundant  at  Bourg  d'Oiaana,  In  Danphlny ;  also  in  the  Bin- 
oenthal  (including  here  Kenngott'a  iBiierinn,  t.  484.  aa  abown  by  Klein,  Jahrb.  Min..  1875, 
837);  at  FStach  Joch,  Tyrol-  near  Hof  in  the  Fiohtelgebirge  ;  Norway;  the  Drola;  in 
DeTouahira,  near  Taviatook  ;  at  Tremadoo,  in  North  Wales ;  in  Ck)mwBll ;  in  Braidl  in  qtiartz. 
In  the  n.  Statea.  at  Smithfield,  B.  L 

Haubxannite.— HaiO(=2UnO,HnOi.     Tetmgonal,  O^l-f  =180°  25'.      Color  browniah- 
black.     Thuringia  '  H^rs,  etc. 

Bbadhitr.— a{aknO,lfciO,)j-MnO,,BiOfc      Tetragonal,    Oa1-*=186*   aC,      Color  daric 
brownish-blaok.    Thorlngia :  NorwiVi  ^*^ 

Uanxnt.  (Haanige,  Smn.).— PbtOisFbOi+SPbO.    BadenweOer;  WytlM  Oo.,  Va.,flta 


BBOCXTTB.* 

Ortihorhombio  (!).  /A/=99'  60'  (-lOO*  80'):  <?A1-»=131'  43'; 
i:l:a  =  1*1620  : 1-1888  : 1.    Cleav!^:  /,  indistinct ;  O,  still  more  so. 

H.=5'5-6.  G.=4-12-4*23,brookite;  4-03-4-085, arkansite.  Hair-brown, 
roUowish,  or  reddish,  with  metallic  adamantine,  lustre,  and  tnuutucent 
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(brookite);  also  ircn-black,  opaqne,  and  Bubmetallio  (arkanrite).    Htreak 
ancolored — gmyiflh,  yellovriBh.     Brittle. 


EUenvfUe,  N.  7. 

Oomp.~Piire  titonio  oxide,  TiOj,  like  tntile  ttnd  ootobediiM. 

Pyr.,  etc^Sune  he  fui  mtile. 

Ob« — BrooHte  ocoum  at  Bourg  d'Oiaans  in  Danpfimy ;  at  St  Oothard;  in  the  Ucsis,  near 
Hiaak ;  in  thick  black  crjBtuJs  {arkanntt  t.  486)  at  Magnet  Cove,  Arkansas,  sometimes  altered 
to  Tntile  by  paramorphium  ;  at  Ellenville,  niater  Co.,  S.  Y.  •  at  Paris,  Maine. 

Schranf  bos  announced  (Atlaa  M[n,,  Reich.  IV.)  that  he  has  found  btooMte  to  be  tTurruiciiruil 
(and  laomorpiiouB  with  wolfremite).  He  diBtinguishes  three  types  having  diSerent  ailAl 
lelations.     Tba  menBoiemeiitB  of  t.  Rath,  howcTer,  seem  to  ahoir  that  in  port  it  mofit  be 

EunAHi'TE. — From  Rtieateifleld,  Man.,  m^  be  identJoal  with  bioDkita. 


/ 


FTROLnBTTB.*  Folianite. 


3 


Orthorhombic  /A/=93°  40',  (9A1-1  =  142"  11';  i:l:a  =  0-776: 
1-066  : 1,  Cleavage  /and  i4.  Abo  columnar,  often 
divergent;  also  granular  maseive,  and  frequently  in 
reiiifr)i'in  coats.     Often  soils. 

H^=2-2'5.  G.=4-82.  Turner.  Lustre  metallic 
Oolor  iron-black,  dark  steel-gray,  sometimoa  bluish. 
Streak  black  or  bluish-black,  sometimes  Bubmetallio. 
Opaque.     Rather  brittle, 

Oomp.— MDOi=Mang»neBe  63'2,  oxygen  8S '8=100. 

Pyr.,  etc B.B.  alone  infusible ;  on  charcoal  loses  oxygen.     A  nuugaDese  reaction  with 

borax.     Affords  chlorine  with  hydroohJorio  acid. 

Dlfi.-— Hardness  less  than  that  of  psilomelane.  Diflen  from  iron  ores  in  ita  reaction  for 
tDongaiiesa  B.B.  Easily  dlstingnished  from  pailomelane  by  its  inferior  hardneoB,  and  onuily 
by  being  crystalline. 

Obs. — Occurs  extenaiTsly  at  Elgenberg  near  IlmBnan  in  Thudngla ;  at  VorderebieDadorf  in 
Horavlaj  at  PlatteD  in  Bohemia,  and  elsewhere.  Occdis  in  Uie  United  States  in  Vermont, 
at  Brandon,  etc  ;  at  Conway.  Mass.  '  at  Winchester,  N.  H.  ;  at  Salisbcrj  acd  Kent,  Conn. 
In  California,  on  Bad  island,  bay  of  »«n  FnnoiMW.  In  New  Bronswick,  near  Bathuist.  lu 
Nova  Scotia,  at  Walton ;  Pioton,  etc 

Pyrolnsite  and  manganit«  are  the  most  important  of  the  orea  of  maitganese.  Pyrohuiti 
paita  with  its  oxygen  at  a  red  beat,  and  Is  ezteDsively  employed  for  disohargiiig  the  browB 
and  green  tints  of  glasa.     Jt  hence  reoeired  its  name  from  irti^,  flrt,  and  Abu.  to  imuA. 

OBMi»iKRiTE.~Cn,Mn,0t.  m  SOnO+SHnOi.    Fcdiated.    Color  blaok. 


.H.UyiV 
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B.  HTDKOUS    OXIDES. 
TURorrB.         /n 

Compact  fibronfl  and  divergent,  to  masaive;  often  botryoidal  and  sta- 
lactitic  like  limonite.     Also  eartliy,  as  red  oclire. 

■  H.=5-6.  G.=3-56-3-74,  from  Ural;  4-29-4-49,  fr.  Hof;  4*681,  fr. 
Horhaueen;  4*14,  fr,  Salisbury.  Lustre  siibmctaliiu  and  somewhat  ealin- 
like  in  tlie  direction  of  the  fibrous  etnictiire;  also  dull  earthy.  Color 
reddish- bl tick,  to  dark  red ;  bright-red  wlieu  earthy ;  botryoidal  surface 
oftou  luBti-ous,  like  much  limonite.     Opaque. 

Oomp^H,Fa,0,=Troii  oeaqnioilde  947,  wstei  S'3=100. 

Pyr.,  etc —  Heit«d  in  a  closed  tube,  fliea  to  pieces  in  a  remu^ble  maiUMr ;  jiel&B  water. 
OtheFwiae  like  hematite. 

SiCL— Uistiiigiiished  from  hematite  and- limonite  b;  ita  mperior  haidnen,  the  color  of  iti 
jrtreak,  and  B.B.  itB  decrepitation. 

Obs. — A  verj  common  ore  of  iroD.  Ouoara  at  tbe  Turginsk  copper  mine  near  Bo^lonk, 
in  the  Ural ;  near  Hot  in  Bavaria,  and  Siegen  in  Pruaaia ;  at  Horbaaften.  In  tbe  U.  B.  it 
oecoiB  at  SaliBbui7,  Ct. 


DIA8PORB. 


OrthorUombic.       /A  7=93°    42JJ',    O  A 14  =147*    12i';    i:l'.a  = 
0-64425  :  1067  :  1.      i-{Al-i=121°  7i',    i-«Al-3  =  104° 
14J',   i-I  A 1  =  116°  54i'.     Crystals  usually  tliin,  flattened  400 

parallel  to  i-l;  sometimes  acioular;  commonly  implanted. 
Cleavage:  i-i  eminent;  j-2  less  purfect.  Occurs  foliated 
massive  and  in  thin  scales;  sometimes  stalactitic. 

H.  =  6o— 7.  G.=33-3'5.  Lustre  brilliant  and  pearly  on 
cleavage-face;  elsewhere  vitreons.  Color  whitish,  giavieh- 
vbite,  gi-eeniah-gray,  hair-brown,  yellowisJi,  to  <:olorless; 
■ometimes  violet-blue  in  one  direction,  reddish  phimb-blue 
in  another,  and  pale  asparagus-green  in  a  tliiitl.  When  thin, 
translucent — snbtranalucent.     Very  brittle. 

Oomp.— H,A10,=Alaiiiiiu  85],  water  149=100  ;  a  little  phoapboms 
peutoxide  is  often  preaenfi. 

Fjrr.,  ato In  the  closed  tube  decrepitates  atrongly,  sepamting-  into  pearly  white  scales. 

and  at  a,  high  temperntare  Tields  wabei.  The  vaiiety  from  Schemniti  does  not  deorepicaie. 
InloS'.ble  ;  with  cobalt  solntion  gives  a  deep  blue  color.  Some  vuietiea  react  for  iron  with 
the  fliizea.     N'ot  attacked  hy  acids,  bat  after  ignition  becomes  solnble  in  Eulphurio  acid. 

dfiL^^DisCingiilahed  (B.B.I  by  its  decrepitation  and  pelding  water  '  as  also  b;  the  reaction 
tor  alumina  with  cobalt  solntion,     Besembles  some  varieties  of  bomblende,  but  ia  harder. 

Obs. — Commonly  found  with  cornndam  or  emeiy.  Oooars  in  the  Uial ;  at  Scbeiiiniti ; 
at  Broddbo  near  Fabian;  in  Switzerland ;  in  Asia  Minor,  and  the  Oracian  islands ;  in  Ghestai 
Oo^  Pa.  ;  at  the  emery  mines  of  Cheater,  Haas.  ;  N.  Oaroliaa. 

JJintport  was  named  by  HaOj  from  duunreipu^  to  scatter,  aUnding  to  the  -jsoal  decrepitatio* 
battwa  tht  blowpipe. 


DB8CBIPTITB  lONBIULOOT. 


Ortliurhomb=c    /a/=94°62'  CB.&M.);  C  A  1-i  =  146"  33' ;  c:l:A 
=  0'36  : 1'089  : 1.     In   prisms  longitudinally  striated,  und 
«i  often  fattened  into  Buafes  or  tables  parallel  to  the  shorter 

diagonal.  Cleavage:  bracby diagonal,  very  pei-fecL  Also 
fibrous;  foliated  or  in  scales;  massive;  ittniform;  stalae- 
titic 

H.=5-5'5.  G,=4*0-4'4.  Lnstre  impei-ffct  adainantina. 
Oolor  yellowish,  reddish,  and  blackish  brown.  Often  blood- 
red  by  transmitted  light.  Streak  brownish -yellow — ochre- 
ycllow. 

Var. — t.  In  thin  soale-like  or  t&bniar  oryBtoIs,  omaUj  attached  by  one 

edge,  3.  In  MdmilaT  or  cspillary  (not  fleiiUo)  ciystaJn,  or  alender  prisms,  often  radiatelj 
grouped;  the  Ntedie-lToii»U>na  [NadtUUentttin).  It  passes  into  {b)  a  variety  witli  a  velvety 
Burfuce:  tlie  Prtibramite  (Sammttbieniit)  of  Przibram  is  of  this  kind.  Othei  varietiea  krs 
oolnmnai  or  fibroos,  Boalj-fibroQB.  oi  feathery  oolumoar;  oompaot  maaaive,  with  a  Hat  <xm- 
cboidal  Iractnre  ;  and  sometimes  ranitomi  or  stalactitic. 

Oomp — H,FBO,=H.FeO,  +  3FeO,  =  Iron  sesquioiide  898,  water  10-1  =  100. 

Pyr.,  oU;. — In  the  closed  tube  gives  off  water  and  ia  conveitod  into  red  iron  sesqnioxids. 
With  the  finxea  like  hem-itite ;  most  varieties  give  a  manganese  reaction,  and  some  treat«d 
In  the  forceps  in  O.P.,  after  moistening  in  snlphario  acid,  import  a  bloiah-green  color  to  ths 
fiame  (pboephorio  acid).     Soluble  in  hydrochloric  acid. 

Obs. — Found  with  the  other  iron  oxides,  especially  hematite  ot  Umonite.  Occnrs  at  EUaer 
feld  ;  in  Nassaa;  at  Zwiokau  in  Saxony ;  in  Cornwall ;  in  Somersetshire,  at  the  ProTidenoe 
iron  mines.  In  the  TJ.  States,  near  Marqaette,  L,  Superior;  in  Fenn.,  near  Eoston;  la 
Calitomia,  at  Bams  Creek,  Mariposa  Co. 

Named  QdUiitt  after  the  poet-philosopher  Gtothe ;  and  PyTThotidariU  from  irvp/io;,  firt-rtd, 
and  O'ivpot,  inn. 

-f      MANOAHITB. 

Orthorhombic.  7a7=99=40',  (9  A  U  =  147"  9J' ;  c  :  2  :  dS  =  06455  : 
1-185  : 1.  Twins :  twinning-plane  \-l  (f.  296,  p.  96).  Cleavage :  i-i  very 
perfect,  /  perfect.  Crystals  longitndinally  striated,  and  often  grouped  in 
bundles.    Also  cohimnar;  seldom  granular;  stalactitic. 

H.=4.  G.=4-2-4'4.  Lustre  siUnnetailic.  Ctihir  dark  steel-gray — iron- 
black.  Streak  reddish-brown,  sometimes  nearly  black.  Opaque;  minute 
splinters  sometimes  bi-own  by  transmitted  light.     Fracture  uneven. 

Coup.— H,HnO(=H(MnOa-t-2MnOt=Manganese  seBqaiozide  89'8  (=Mn  036,  0  27-8), 
watar  10-3=100. 

Pn.,  ate, — In  the  closed  tube  yields  water ;  otherwise  like  braimito. 

OOL— Oocors  in  veins  traTersing  porphyry,  at  Ilefeld  in  the  Hon  ;  in  Thniingia  ;  Undenaei 
in  Sweden;  GhrlstiansaDd  in  Norway;  Cornwall,  at  vorions  places;  also  in  Cnmberiand, 
Devonshire,  eta  In  Nova  Sootio,  at  Cheverie,  eto.  In  Ifew  Bnuuwlok,  at  Sbepody  moim- 
Uin,  Albert  Co.,  etc 


UHOMrrU.    Brown  Hematite    Branneiseiuteiii,  Qtrm. 

Usnally  in  stalactitic  and  botryoidal  or  mammillary  forms,  having  a  fibrooi 
or  snbfibraus  structure;  also  concretionary,  massive;  and  occaaionallj 
earthy. 
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fl.=5-5*5.  Q,=8-ft-4.  Lustre  silky,  often  siibraetallic ;  somotimeB  dull 
mud  earthy.  Color  of  surface  of  fracture  varioua  shades  of  brown,  com- 
moiily  dark,  and  none  bright;  eometimes  with  a  nearly  black  tarnish-like 
exterior ;  wlien  eaithy,  brownish-yellow,  ochre-yellow.  Sti'eak  yellowish- 
brown. 

Var.-  0)  Compaot.  Sabmetallio  todlk^  Inlnatra-  oftenstalaL-tido,  botrjoldal,  eto.  (S) 
Oehretnu  or  earthy,  brawnlah-jeUon  to  oohre-yellow,  oft«n  impure  Irom  Uie  presence  of  olay, 
■and,  etA  (8)  Bog  are.  The  ore  fironl  marBhy  plaoea,  gensrallj  Ioobo  or  poroaa  in  texture, 
often  petrifjing  leains,  wood,  nata.  et&  (4)  Broom  clt^inmnCone,  in  compact  maaaet,  often 
In  ooncretionary  nodules,  having'  a  browni^-yellovr  atreak,  and  thaa  dlxtinguishable  ^m  the 
olaj-ironatone  of  the  apeclea  hematite  ani  luilente ;  it  ia  sometlmea  (a)  pifMlie,  or  an  aggre- 
gatioa  of  concretioue  of  the  slie  of  email  peaa  (Bohuerz,  Otrm. ) ;  or  \J>)  oolitic, 

Oomp— II,Fe,Ot:=H|FeOa+FGO(=IrDa  aeaqoiozide  85-6.  water  14  4=100.  In  the  bog 
ores  ftnd  oohrea,  sand,  oli^,  phosphates,  manganese  oxides,  and  hamio  or  other  acids  of  organia 
origin  axe  to?  oommon  Impniities. 

Pjpr.,  tba. — Iilkeguthite.  Some  Tarlatiea  give  a  slceleton  of  sllioa  when  foaed  with  salt  of 
phoqthoniB,  and  leara  a  silioeotu  zeaidne  when  attacked  bj  acids. 

DuL — Distingniahed  from  hematite  bj  its  yellowish  streak,  inferior  hardness,  and  its  reao- 
tton  for  water.     Doea  not  decrepitate,  B.B.,  lilce  torgite. 

Oba — Limonlte  ocoaisin  seooodarj'  or  more  reoent  deposltp,  in  beds  assocmted  at  times 
with  barite,  aiderite,  calcite,  aragonite,  and  quartz ;  and  often  with  ores  of  manganese ;  alsu 
as  a  modern  marsh  deposit.  It  is  in  all  oases  a  result  of  tbe^terationof  other  ores,  through 
exposure  to  moisture,  air,  and  carbonio  or  oif^anic  adds;  and  is  derived  largely  from  the 
ohangs  of  pyrite,  aidiirlte,  magnetite,  and  various  mineral  species  (such  as  mica,  angite,  hom- 
blends,  etc ),  which  conUin  iioo  in  the)  protoxide  state. 

Abundant  in  the  United  States.  Extensive  beds  exist  at  Salisbury  and  Kent,  Conn.,  also 
In  the  neighboring  towns  of  N.  T.,  and  in  a  similar  sitnation  nortii ;  at  Bichmcod  and  Lenox, 
Uasa.  ;  in  ynrmoat,  at  Benaington.  etc. 

Limonite  is  one  of  the  most  important  ores  of  iron.  The  ptg  iron,  from  the  pnrer  varieties, 
obtained  by  smelting  with  ohorooal,  la  of  superior  quality.  That  yielded  by  bog  ore  ia  what 
is  termed  eM  sfiort,  owing  to  the  phosphorus  present,  and  cannot  therefore  be  employed  in 
the  manufacture  of  wire,  or  eren  of  sheet  iron,  but  is  valuable  for  castiiig.  The  hard  and 
compact  nodnlor  vsrietles  are  employed  in  polishing  metnllic  buttons,  etc 

UkljANOSiDBRrTit. — Near  limonite,  but  containing  7 '39  p.  o.  3iO,,  perhaps  as  on  impnril^, 
Ooolu  regards  it  as  a  rery  bosio  silicate  of  iron.     G.  =d-'39.     Westcheater,  Fenn. 

XANTHoBiDKErrB.— H.FeO.^FeO,  SIB,  H,0  IB -4= 100  ;  or  H.FeO.  lEamm.).  In  fine 
needles.     Color  yellow,  brown.     Ilmenau;  the  Han. 

Bbattxttb. — Occurs  in  concretionary  grains.  Oolor  whitish  to  brown.  Compoeition  doubt- 
fol,  perhaps  Al[i^)0i+2aq.  Beaux,  near  Aries,  France  i  near  Lalce  Woobein,  Styria  (uit>cA«^ 
niU) ;  French  Qniana. 


BhombohedraL     SaB  =  8^  22^',   (9 A 5  =  119*  89i';   ^=1-52078 
(Heseenberg).    Crystals  often  broad  tabular.    Cleavage :  basal,  eminent 


Low's  Uine,  lexM.  Vood's  ICne,  Texas. 


folia  easily  separable,  nearly  as  in  ejrpaam.    Usually  foliated  mastlrei. 
Also  fibroiiB,  fibres  separable  and  elasUc 


H.UyiV 
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H.=2-5.  G.=2-35-2'4*.  Lustre  pearly  on  a  cleavage-face,  elaewhert 
betweea  waxy  and  vitreous ;  tlie  fibrous  Bilky.  Color  white,  inclining  to 
gray,  blue,  or  ffreen.  Streak  white.  Translucent — eubti-anslneent.  Seetils. 
Thin  laminae  nexibla 

Ooiup_H,MgO,=Ut«nesU  69,  water  31  =  100. 

Tkt. — 1.  Foliated.    3.  Fibrona ;  called  n«miilii4,  containiiig  4  or  5  p.  c  of  FeO. 

PjtTt  otc — In  oba  oloeed  tnbe  gives  off  waUr,  beoominR  opaque  and  friable,  af-" 


tnmlEg  graj  to  brown.  B.B.  infnwble,  glowa  vritii  a  blight  ligbt,  and  the  ignited  tninenl 
reacts  olkalme  to  teat  paper.  With  oobulC  Bolction  gives  the  violet-Ted  ooloi  of  magnesia. 
The  pure  mineral  io  aolable  in  acids  witbont  eflerveacsnce. 

Sl£  — Diatingnished  by  its  intosibility.     DiSera  from  talc  in  ita  lolnbilil;;  In  aolds. 

OIu< — Braclte  accompanies  other  magnesion  minerals  in  serpentine,  and  has  also  been  found 
in  limestone.  Occurs  at  Swinaness  in  UnBt,  Shetland  laleB;  in  the  Urals;  at  Qoajot  in 
Fianoe;  neazFilipstodtin  Wermlond.     ItooonisatEoboken.N.  J. ;  inRiahmondCo.,N. T. ; 


Monoclinic  (DeaCl.).  In  small  hexagonal  crystals  wi';h  replaced  lateral 
edges.  Planes  vertically  striated.  Cleavage :  basal  or  0  eminent  Occa- 
sioiiallj  in  laraello-radiate  spheroidal  concretions.  Usually  stalactitic,  or 
small  mammillary  and  incrusting,  with  smooth  surface,  and  often  a  faint 
fibrous  B'nicture  within. 

H.=2'5-3'5.  G.=2'3-2'4.  Color  white,  grayish,  greenish,  or  reddish- 
white;  also  reddish-yellow  when  impure.  Lustre  of  0  pearly;  of  other 
faces  vitmouB;  of  surface  of  stalactites  faint.  Translucent;  sometimes 
transparent  in  crystals.  A  strong  argillaceous  odor  when  bi'eathed  on. 
Tough. 

VaT_l.  InoiTHtals:  the  oripnal  Aj/i/rars.'%(«.     S.  StalaoUtio;  oHMte. 

Oomp^H.A10,=A]nmino 65-6,  water 345  =  I00. 

P3rr.,  ate. —  In  the  cloaedtabe  becomes  white  and  opaqne.  and  yields  water.  B.B.  infnsible, 
whitens,  and  does  not  impart  a  green  color  to  the  flame.  With  cobalt  aolntion  gives  a  deep- 
bine  oolor.     Soluble  in  oonoentrated  Bulphurio  ncid. 

Difi.   -BesembleB  chiUcednn;  in  appearance,  bat  is  softer. 

Obs. — The  crystalliEed  gibbaite  occurs  nenr  Slatouet  in  the  Dral;  at  Onmnchdagh.  AkIs 
HinoT;  on  oomndnm  at  Unionville.  Pa.;  in  Brazil.  The  etaloctitio  occnn  at  Bi<^mand, 
Ums.;  at  the  Clove  mine,  DnchesaCo.,  N.  y.;  in  Orange  Co.,  N.  T, 

Rose's  hjdrargiUite  (Uialn,  1830)  is  identical  with  gibbaite  (Torrey,  1822),  andmustieceive 
this  name.  An  uncertain  mineral  from  Richmond  i&orded  Henoaim  98  p,  a.  of  phospborie 
acid,  but  a  phoephate,  if  it  reall;  occors  there,  is  not  gibbaite. 

PTBOcnR()iTK.—H,MnO,= Manganese  protoxide  7Q'8,  water  20-2=100.  Foliated  Colui 
white.     Mine  of  Paisberg,  Filipetadt,  Sweden. 

Htdkotalcitb  from  Snamin,  Norway,  and  Volenesitb  from  the  Urals,  contain  alamina, 
magnesia,  and  water  with  more  or  less  carbon  dioxide.  Probably  mixtares,  containing 
bnidte,  gibbsite,  etc.  HoiroHrTB  from  Oxbow  and  BossLe,  S,  Y.,  is  a  similar  mineral 
derived  &om  the  alteration  of  epineL  Hauaqualits  (6'Aurc^).  A  related  mineral;  Izom 
Nftmaqoalatid,  So.  Africa. 


FBILOBfELAira.* 


Massive  and  botryoidal.     Reniform.    Stalactitic. 
H.=:6-6.    G.=3'7-47.     Lnetre  submetallic.    Streak    brownish-black, 
■hining.     Color  iron-black,  passing  into  dark  steel-gray.     Opaque. 
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Ooinp. — Soniewliat  doubtfnL  Contalna  manganeM  oxide,  wlUivuTing  unoimta  of  buTta. 
■nd  potiuh  (Utbia),  and  alao  water.  Qeneral  fonunLi,  aooording  to  RammeUberg',  BiOi=Bu 
■l-dMiiOi,  whera  R  ia  Kag.  Ba  or  ISn.     Axaijwea : 

O        HnO      BaO       £.0      H,0 

t.  Tharingon    IIW    05-76    16B9     5-25    OnOO-W,  OoO  OTO,  CaO  0  61=100  75 

QloohewB^. 
9.  llmenaa        IS'SS    77-23      0'13      030      CaO  0-91,  OnO  0-40=90-77  Olaoibrnoh. 

Fyr.,  etc. — Id  the  oloaed  tube  uia«t  Torietiea  yield  water,  and  all  loM  otjgen.  on  Ignitioa: 
with  tba  fiuxea  leaota  for  manganeaa.  Solable  in  liydrochloric  aoid,  witli  evolntioii  of 
oMorine. 

Ob* — Thia  ia  a  aommon  ore  of  manganese.  It  ooaun  in  Davonahire  and  Oomwall ;  at 
neteld  in  the  Hon;  also  at  JohanngeorKeuatadt ;  SLbneebeig ;  Dmenan;  Siegen,  et«.  It 
*  ■"  it  Chittenden,  Irasbnrg,  and  Brandon,  Tt 


y     WAD. 

The  manganese  ores  here  included  occur  in  ainorplioiia  and  reniform 
niaeees,  either  earthy  or  compact,  and  sometimea  incruBting  oi-  as  stains. 
Tliej  are  mixtures  of  different  oxides,  and  cannot  be  considei-ed  chemical 
coinpotmds  or  distinct  ininei-al  species. 

H.=0-5-6.  G.=;3-4'26 ;  often  loosely  aggregated,  and  feeling  very  light 
to  the  hands.     Culor  dull  black,  blnish  or  bi-owuish-black. 

Oomp.,  Var^-PerbapeH,Mn,0.=2HnOi+aq(BaminelHbe]:g^),  bat  In  all  oasei  mixed  witit 
«4her  ingredientii. 

Varieties ;  (A}  Uanganeaian :  (B)  Oobaltiferoaii ;  (Oj  CupHfetont. 

A.  Boa  MANaANEaE. — Oonamts  mainly  of  mangoneae  dioxide  and  water,  with  some  inm 
•aaqnioxide,  and  often  allica,  alumina,  baryta. 

B.  AsBOLiTB,  or  Earthy  Cobalt,  ia  wad  oontalnin?  oobalt  oxide,  whioh  sometimes  antonutl 
to  82  p.  o.     IAthiophoHt«.  heUrogtmte,  and  Tabdioiiite  beloag  near  here. 

0.  Lampaditk,  or  OapreooA  Mauganeae.  A  wad  containing  4  to  IB  p.  o.  of  copper  oxida, 
•nd  often  cobalt  oxide  also.     It  groduatea  into  black  copper  (Melaoonite>.     Q.  =8'  1-3*8. 

Pyr.,  etc.—  Wad  reacts  like  pailomelone.  Earthy  codnit  gives  a  blue  bead  with  salt  of 
pbOBpboniB,  and  when  heated  in  B.  F.  on  charcoal  with  tin,  some  speolmenB  yield  a  red  opaqne 
bead  [copper).  Chipreout  manganua  gives  similar  reactiona,  and  three  varieties  give  a.  Htrong 
manganese  reaction  with  soda,  and  eTolve  chlorine  when  treated  with  hydroohlorio  acid, 

Oba. — The  above  ores  are  results  of  the  decompoaition  of  other  orea— partly  of  oxidea,  and 
partly  of  manganesioa  carbonates.  Wad  or  bog  maogaoese  is  abundant  in  the  counties  of 
Oolooibui  and  Dotchess,  N.  Y.  There  are  large  deposits  of  bog  mangaaeae  at  Blue  Hill  Bay, 
Dorei,  and  other  places  ia  Maine. 

Earthy  oobalt  occors  at  Biecheladorf  In  Hesse;  Saalfeld  in  Thoringia;  at  Nertachinak  in 
Siberia ;  at  Alderly  Edge  in  Cheshire. 

0HAi<COFHAiriTK.— BhombohsdnJ.  Indmsesof  minnte  tabular  eTyBtals;  also  in  stalaoU- 
Uoaggr^ates.  H.=a'6.  G.-8-007.  Lnatie  metaUia  Color  bluish-black.  Analyaia  critc 
IfatO,  09-Oi,  MnO  fl-58,  ZnO  31-70,  FeO.  O-as,  H.O  ll'S8=100'0S.  Compomtion  21InOi-l- 
(Hn,Zn)0  +  Saq.  If  half  the  water  were  basic,  the  formula  might  be  written  2RMnO.  +  aq, 
where  B  =  Hik,Zii  andH,.  B.B.  becomes  of  a  copper  color,  hence  the  vtnaaixaXKui.braM, 
brmtt,  and  ipairw,  to  apptar\.    Stirling  Hill,  N,  J.    {3Ioore.) 
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YALENTINn^.    VeiMpiMgUMi*,  Gent, 


Orthorhombic.     lAl 
^  2-5365 


a      li   .^/ 


136"  58'  J  (9  A 14  =  105'  35' ;  li :  3  :  d  =  3-5S68  : 

.     Often  ill  rectangular  plates  with  the  lateral 

edges  bevelled,  and  in  aciciilar  rhombic  prisms.     Cleav- 

age:  /,  highly  perfect,  easily  obtained.     Also  massive; 

Btructure  lamellar,  oolumDar,  granular. 

H.=:2-5-3.  G.=5-566,  ciystals  from  Braansdorf. 
Lustre  adamantine,  i-t  often  pearly ;  shilling.  Cuiur 
snow-white,  occaaionally  peacli-blossoin  red,  and  aeh-gray 
to    brownish.       Streak    white.       Translucent — eubtraus' 

V AW     !«■'"'■ 

H  X^  Oomp.— Sb,0.-Oiyjff;0  IflM,  antimony  88'56-10O. 

Ob<. — Found  at  Pixibram  in  Bohemia;  at  Feloobanya  in  Hnng^uj; 
BiSanBdocf  in  Saxony.     AJao  at  8oQCh  Ham,  Canada  East. 

SBnARMONTiTE.^Same  composition  as  tJie  above,  bnt  oiyatalliies  la  isometric  ootahe- 
dlou&     6.=S-2-5'3.    Perueck,  Hnngary  ;  Cocnwall ;  Haiaclaa  in  Algeria  ;  S.  Ham,  Canada. 

Ci.ArDCTiTK  ;  Arbkkoi.itk. — Both  As,0).  The  loriner  ia  orthorhombie,  the  latter  isn- 
metric.  They  thng  corrMpond  to  the  two  lornw  of  SbjOt  (sse  above).  Clavdetita  (QL=3ft5) 
ocoun  in  tbin  plates  at  th«  Son  Doming^  minei,  PortagaL  Ana/l/iiiti  {Q.=S'fi9fS]  oocnm 
nmall;  in  capillary  otyatala,  also  stalaotitio ;  eiuthy.  Andreasberg )  JoaoLimstbal ;  Oom- 
watl;  Ophirinine,  Nevada;  Califomia. 

BiBUtTs  CWismuthodcer,  <?ff-)n  ).~Bi|Oi.  OocnrBmaui vs.  earthy.  Sohneebeiig;  Joaohlms 
Uud;  Cornwall.  Earblinitb.— SBiO-i-BiS.  Maaaive.  Color  lead  gray.  O.=0-09.  Savo- 
dinsk  mine  in  Che  AltaL 

HoLiBDiTu  (Molybd&nooker,  Germ.). — Compoeitjon  KoOi.  In  radiated  orystaUizationi,  aa 
an  incnutntion,  etc.  Occnr*  with  molybdenite.  At  Westmoreland,  Kew  Hamp&hire ;  Chester, 
Pemi. ;  Virginia  City,  Nevada.     Ilbkuanihtb,  near  the  above.     Bleibeig.  Carinttiia. 

TnifORTiTE. — WO).  Palvenilent  and  earUiy.  Cornwall;  Uontue,  Ct.  Ueiuacitb 
(Cnmot). — A  hydrated  tnngftite.     Meymao,  Oorr^ae. 

KKKUKSrTB  (Antimonbleade,  C/<nvn.).— Composition  3b.StO=r28b.3.+SbiO>.  In  c*plllaij 
eiystols.     Color  (^enj-red.     Braansdorf,  Saxony;  Allemont;  SonUi  Ham,  CanadaEut. 

Ckrtantitr.— SbOt=Sb|0i+SbvOt.  Color  yellow.  Bwolti  from  altcratioii  of  atibiiitA 
Spain ;  Tiiaoany  ;  Hnngaiy,  eto; ;  SonUi  Ham,  Canada, 


8.  OZIDES  OF  THB  Casbok-siliooii  Gsorp,  Sekiks  II. 


/v  QOARTZ." 


tinct:   sometimes  effected  by  plunging  a  heated  crystal   in   &>]d  water. 
Crystals  sometimes  very  short,  but  general  hat:).it_pQBmatic ;  the  eryetali 


oxraxct  coHPOimDa — snjoi.  285 

mach  elongated,  Bometimcs  fine  aciculiu: ;  nsnally  implanted  by  ona 
extremity  of  the  priBm.  ^Friam^hi;  ta,i:PA  rx-nmrnonW  striated  hojizimtallyi 
and  thua  diatingniBhable,  m  aistoried  crj-stuls,  from  ihe~  pyramidal.  Crya- 
tals  often  grouped  by  juxtaposition,  nut  proper  twins,  irequently  in  radi- 
ated masaes  witli  a  aurface  of  pyramids,  or  in  druses  having  a  surface  of 
■  short  ervataU.     Twins :  twinning- 


pj'famida  _.   >._. _ ^ 

0  (f.  606) ;  very  generalb^penet  ration- twinsj  as 
(2)  The  pyranM^ilruncatingthe-e35eTicFwce 
of  a.\e3~S4°^-33',     OtJier  me^iuds-CTTwiiiiiii 


[^plano,  (1),  tne  basal  tilane 
rtllTistrated  in  17265,  p.~S!*. 
;i  +y^and  —li,  divergeoce 
rai-e,  parallel  to  i,  to  Ji,  to 


ill,  etc,  (Jenzach).     Alao  in  psendo-trilllngs  on  uabite,  \vith  2-2  aa  tho 
approximate  twiniiing-plane  (see  f.  336,  p.  101). 

M^aive;    coai-so    or  fine   granular.. to   flint-like   or   crypto-crystalliDe 
Sometimes  inaniu^lli^y,  atiilactitic,  and  in  concretionary  forms. 

S04  50S  .  cm 


JHi5i7j_  G.=2-5-2-8;  2-6413-3-fi541  (Bendant).  Lnstreyitreoiis^ some 
limes  inclining  to  xi^ijious  ;  splendent — nearly  dull.  Ui)lorleBS  whonpuj-e : 
iftcn  variotiB  ahades  TiT  vello\v^_rcdX  .Iiiiiwn,  green,  bine,  blade.  Streak 
whne,  of  pm-e  varieties ;  iT  iiripiire,  often  tlio  stime  aa  the  color,  but  niiicli 
pattr!^  Traiispai-ent— opamie^  Frueture  perf ei^.  conchoidal — aubconclioi- 
dill.     Toujih— brittle^^fTiablEi,   Polarization  cireuiar,  see  pp.  142-144 

o 
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Oomp.— Pom  fiflloft,  or  SI0ii=Ox;sen  Til 
mixed  with  a  little  oDol-silica.  Iinpura  vi 
olof,  Mud^&nd  vanoiu  lainerals, 
~^  V«r. — y_CjjHtalliEed  (pheuoctyBtalline),  Titiooua  in  lnBtre.  3.  Flint-like,  maeaive,  or  oryp- 
todjBtalline.Jj  '^he  Erst  diviaion  inclndes  all  ordiEkai;  vitreous  quartz,  whether  having  ci7a- 
tftUinc  fHceaini'not  The  varietieB  under  the  Hcond  are  in  general  acted  upon  Bomewhat  more 
by  attrition,  and  bj  ohemiciLl  agents,  aa  fluohjdriu  odd.  than  those  of  the  ^rat.  In  all  kind* 
mada  up  of  lafeiB,  oa  agate,  aacoessive  Injera  axe  unequally  eroded. 

A.    PinC\OCBTBTALLIKB  OB   VlTRBOUB  VABIETIEa 

y  1.   OrdinaTy  CryttaJiieed  ;   Soek  CryiUrL     CUotfesa  quartz,  or  ceorlj  ao,  whether  In  di«- 
'   Undi  djataU  or  not. 

,^•'2.  Aatiriated !  Star  quartz  (Stsmqnartz,  Germ.),  Conhuning  within  the  crystal  whitiab 
or  colored  radiationa  along  the  diametral  planes. 

^  S.  Amethyttina;  AmethyaL     Clear  puiple,  or  bluiah -violet.     The  color  la  auppoaed  ta  b« 
due  to  manganese, 
^r  i.  So»a.     Hose-red  or  pink,  but  beooming  paler  on  exposure.     Common  massive,  and  then 
nauoUy  much  oraciced.     Lustie  aometimes  a  little  greasy.     Fuoha  atatea  that  the  color  ia  doa 
to  titauio  oxide.     It  may  come  in  part  from  muuganeBe. 

^    8.    TeflOTo,'  Fatte  Topag.     Yellow  and  pellucid,  or  nearly  so ;  resembling  aomewhat  ;elloiv 
topaz,  but  very  different  in  oryatallization  and  in  absence  of  cleavage. 
6.  Smoky,  Cairngorm  Stone.     Smoky -yellow  to  amokj-brown,  and  often  transparent;  bat 
"  varyii^  to  bio waiab- black,  and  thea  nearly  opaque  in  thick  crystals.      The  color  ia  due  to 
organic  componnda,  aooording  to  Forater. 

.  7.  M&ky.  Milk-white  and  nearly  opaque.  Lnatre  often  greasy,  and  then  called  Orwtg 
qnartis. 

S.   C'lt'i  Eye  (Eatzenange,  Qerm. ).     Exhibiting  opalGsoence,  but  wiihout  prismatic  colora, 
an  eSect  due  to  fibres  of  aabestna. 
^     Q.  ATKiiturine.     Spangled  with  acolea  of  mica  or  other  mineral,  » 

.  10.  />npur«  /ram  tha  preaence  of  dinHiici  minerals  distcibnted  denaelj  through  the  most. 
The  mora  oomTuon  kinds  are  those  in  which  the  impurities  are  :  (a) /sri-u jTincnu,  either  red  or 
yellow  iron  oxide;  (S)  liA^orihii,  some  kind  of  chlorite ;  (c)  aeUnciitie  ;  i^mUaetovt;  (e)ara- 
nacei/us,  or  eond.  Quartz  crystals  also  occur  penetrated  by  variona  miaecalr,  aa  topaz,  oorun* 
dum,  chryaoberyl,  garnet,  different  species  of  the  hornblende  and  pyroxene  groups,  mtUe, 
hematite,  gdthite,  etc,  etc. 

Containing  Uqu-idt  in  eardliei.  Theae  liquida  are  seeo  to  move  with  the  change  of  poaitim) 
of  tha  crjetol,  provided  an  air-babble  be  present  in  the  cavity.  The  liquid  is  either  watAr 
(piue,  or  a  mineral  aolotion),  carbon  dioxide,  or  some  petroleum -like  or  other  compound. 

B,   CRTPTOCnTHTAt.I.ME   TARIBTIICB. 

1.  Chalcedony,  Having  the  lustre  nearly  of  wax,  and  either  transparent  or  translnoent. 
Color  white,  grayiBb.pale-brou'n  to  dnrk-browu,  black  ;  tendon-col'w  common  ;  sometimes  deli- 
cate blue.  Also  of  other  abades,  and  then  haviuf*  other  names,  Oft«n  nBmmi11al7,  botryoi- 
dol,  stalnctitic,  and  occocring  lining  dl  filling  cavities  in  rocka.  It  ia  true  quartz,  with  soma 
disaeininated  opoL 
" — ■  a.   CarnAinn.     A  clear  red  chalcedony,  pale  to  deep  in  ahade;  alao  browptsL-red  to  brown, 

the  latter  kind  reddish-brown  by  transmitted  light. 
— '3,   Clirysopraae.      An  apple-green  ohalcedony,  the  color  due  to  the  presence  of  nickel 

—  4.  Pratt.     Tranalocentand  dull  leeJt-green  ;  so  named  from  ir/^iovn',  ijjleft    Always  regarded 
aa  a  stone  of  little  value.      The  name  ia  also  given  to  cryat.illine  quartz  of  the  saine  color. 
^~  ,    6.   Plaiima.     Hathcr  bright-green  to  leck-grecn.  and  also  noniptimes  nearly  cm irald -green, 
and  Fubtranslacent  or  feebly  translucent;    Hotneti    :C8   dotted    with   white.       JIMotnipe.  or 
Bixd-itone,  is  the  same  stone  essentially,  with  amnil  apota  of  red  jaap^r,  looking  like  drops  of 

"  ~  6.  Aifnte.  A  variegated  chaicodony.  T!ie  colors  are  either  banded  or  in  c1oudn,  or  dne  to 
vleibie  impurities,  n,  BnnrUiL  The  bands  ore  delicate  pamaol  lines,  of  while,  tcndon-liko, 
wax-like,  pole  and  dark-brown,  and  black  colons  end  xometiinea  bluinh  and  other  i-hadKB. 
They  follow  waving  or  zigzag  conrsca,  and  are  occasionally  concentric  circular,  us  in  the  eyO' 
d^te.  The  bands  are  the  edges  of  layers  of  deponition,  the  agate  having  been  formed  by  a 
deposit  of  ailiua  from  aolnbiona  intermittently  aupplied,  in  irregular  oavitiea  in  rocka,  and 


.Ol.^H 
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doririiiff  tlieir  oonoeDtiio  waring  cootMs  from  the  irreffnlaritiea  of  the  walla  of  the  Oftvlt^ 
Oning  also  to  the  aneqiial  porosity,  ogatea  may  be  varied  in  color  by  ortifloial  meane.  p.  It- 
rtgalariy  clouded.  The  colors  various,  aa  io  bonded  agate,  y.  Colon  due  to  twibie  impuritiM, 
inclnding  Uou-ugaU,  filled  mth  brown  moss-like  or  deudritio  forma  distributed  through  the 
mass ;  VendriUo  Agala,  ooataining  brown  or  block  deudiitia  nukrkings.  Tbeie  Ib  also  AgatiuA 
otiod;  wood  petrified  with  clouded  agnta. 
^—7.  Onyx.  Like  agata  in  consisting  of  ]a;erH  of  different  Colors,  but  the  la3'era  nra  in  eToa 
plAnea,  and  the  banding  therefore  sLTiiight.  and  henoe  its  nae  for  oameoa.  the  head  being  cnl 
in  one  color,  and  another  serring  for  the  bockgroand.  The  colors  of  the  best  am  perfeoUj 
well  defined,  and  either  white  and  black,  or  white,  brown  and  blaok  ^temate. 
_^  %.  Bardvnyx.     Like  onjx  in  atructure,  but  includes  layera  of  coruelian  (sard)  along  with 

others  of  whiM  or  whitish,  and  brown,  and  sometimes  block  colors. 
_  I  .  9.  Jaap.r.  Impure  opaque  oolored  quartx.  («]  Red  iron  aesqoiozide  being  the  coloring 
matter,  (b)  lii-oiniutli,  or  ochrtgeliinB,  colored  by  hydroitt  iron  soaquiozidB,  and  becoming  red 
when  GO  heated  as  to  drive  o9  Che  water,  (c)  Dark-green  and  brownish-green,  {d)  Orayish* 
bine,  ifi)  Blackiah  or  brownish -black.  (/)  titriped  or  Tibaiid  jiuper  tUaiUdjaspis,  Ueria.), 
having  the  oolors  in  broad  stripea.  [g)  Egyptian  jiaper,  in  nodules  which  are  loned  in  brown 
and  yellowish  colors.  Poredain  jiuper  is  nothing  but  4aked  olay,  and  differs  from  true  jaspw 
in  being  B.  B.  fusible  on  the  edges.  litd  porphyry,  or  its  base,  resembles  jasjier,  but  is  also 
fusible  on  the  edges,  being  usually  an  impure  feldspar. 

^,f^  10.  Agate-Jatper.  Anagate  consistingof  jasper  with  veinings  andcloudingsof  chalcedony. 
. 11.  iHUiaeout  tinter.  Irregularly  oellular  qoartz,  formed  by  deposition  from  waters  contain- 
ing silioa  or  soluble  silicates  in  solution. 

13.  F'Unt  iFBueratein,  Oerm.).     Somewhat  allied  to  ohaloedony,  hnt  more  opaqoe,  and  of 

doll  colors,  usually  gray,  smoky-brown,  and  brownish-black.  The  exterior  ia  oitun  whitish, 
from  mixture  with  lime  or  chalk,  in  which  it  in  imbedded.  Lustre  barely  glisteaiog,  sub- 
TJtreous.  Breaks  with  a  deeply  conchoidal  fracture,  aod  a  sharp  cutting  edge.  The  Hint  of 
the  chalk  formation  consists  lately  of  the  remains  of  infusoria  (Diatoms  ,  sponges,  and  other 
marine  productions.  The  coloring  matter  of  the  commou  kinds  is  mostly  carbooaceoui 
matter. 

.,. —  13.  ^ornttone  (Hornstem,  Qerm.).  Resembles  flint,  but  more  brittle,  the  fracture  mote 
tplintery.  Cliert  is  a  term  often  applied  to  hornstone,  and  to  any  impure  flinty  rock,  includ- 
ing the  jaspers. 

14.  jiuaiiiU,  Lydian  Stone  or  ToueJtstone.  A  velvet-black  uliceoos  stone  or  flinty  jaapei:, 
osed  on  account  of  its  hardness  an  I  black  color  for  tryiug  the  purity  of  the  precious  metola. 
The  color  left  on  the  ntone  after  rubbing  the  metil  across  it  indicates  to  the  f  xperieneed  eye 
the  amount  of  alloy.     It  is  not  splintery  like  homstona. 

Pyr.,  etc. — B.B.  unaltered ;  with  borax  dissolves  slowly  to  a  clear  gloss ;  with  soda  di>- 
lolves  with  eEterveeoence ;  unacted  upon  by  salt  of  phosphorus.  Inaolubla  in  hydrochloria 
acid,  and  only  slightly  acted  upon  by  solutiouB  of  fixed  caustic  alkalies.  When  fused  and 
cooled  it  becomes  opal -silioa.  having  6.  ::^2'2. 

Diff. — Quarts  is  distingaished  by  its  hjirdnai — scratching  glass  with  facility  ;  infuaibilxtf 
— not  fusing  before  the  blowpipe  ;  iimolubUdy — not  attacked  by  water  or  the  acids ;  uaclnnvi- 
biiity — one  variety  being  tabular,  but  proper  cleavage  never  being  distinctly  observed.  To 
these  characteristica  the  action  of  soda  B.  B.  ma;  be  added. 

Obi.^Quortz  oocots  as  one  of  the  essential  oonstituenta  of  granite,  syenite,  gneiss,  mica 
■ohist,  and  many  relate  i  .rooks  ;  as  the  principal  constituent  of  quartz-rock  and  many  sond- 
■tonea  ;  as  an  uuessoutiiil  ingredient  in  some  'trachyte,  por|>hyry,  eta  ;  as  tho  vein-stono  in 
various  rocks,  and  for  a  large  part  of  mineral  veins;  as  u  foreign  mineral  in  the  cavities  of  trap, 
basalt,  and  related  rooks,  some  limestones,  etc, ,  making  gcodes  of  ciyKtals,  or  of  chalcedony, 
ngnte,  cornelian,  etc,;  on  imbedded  nodules  or  masses  in  various  limeatuties.  coiit;ti luting  tho 
flint  of  the  chalk  formation,  tbe  bomstona  of  other  Umestones — these  nodules  .-^onitcimea 
becoming  continuous  loyers  ;  as  msjues  of  jasper  occasionally  in  limestone.  It  is  the  principal 
material  of  the  pebbles  of  gravel  beds,  and  of  tjie  sonds  of  the  sea-shore  and  sand  beds  every- 
where. Silica  also  occurs  in  satution  (but  mostly  as  a  soluble  alkaline  nilltuti;)  i"  bunted 
nutnial  watera,  as  those  of  the  lleysers  of  Iceland,  New  Zealand,  and  Culiforuui,  and  th« 
Yellowstone  Park,  tnd  vciy  spsringly  in  many  cold  mineral  watei's. 

SwitzerSand.  Dauphiny,  Ficdmout.  tbe  Carrara  quarries,  and  numerous  other  fori'ign  local!' 
tics,  afford  line  specimens  of  rock  Crystal.  AmotbyatB  ore  brought  fioin  India,  Ceylon,  and 
Persia,  also  Transylvania.  The  amygdoloids  of  Iceland  and  the  Faroe  Islands,  afford  magni- 
flocnt  specimens  of  e/ialacdiiiiy ;  also  Hilttenberg  and  Lohen  iu  Cariuthia,  etc.  The  fineat 
eameiiaiui  and  ai/nta  are  found  in  Arabia.  India.  Brazil,  Surinom,  Oberstein,  and  Saxony. 
Ciii't  eyt,  in  Ceyion,  the  coast  of  Malauur,  and  also  in  tbe  Han  and  Bavorio.  UdtoUtft,  il 
Bnohaiia,  Ta  buy,  Slberiik 
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bt  Ketr  York,  qoaiti  cijHtBlB  axe  abandant  In  Heikimer  Co.  Fine  dodocalieclrfti  ciyitala, 
Ktthebedsof  Bpeoular  iiron  in  St  Lavreace  Co.  In  Antwerp,  JeffecBoa  Co.,  at  Diamond 
IsUnd  and  Diamond  Point,  Lake  Qeorg^,  Felham  and  Chasterfleld,  Maas.,  Pailg  and  Peny, 
Me.,  Benton,  N.  11.,  Sharon,  Yt.,  Haadow  Mount,  Md.,  and  Hot  Springs.  Ark.,  are  othai 
localities  of  quarts  ciyBtol.  For  other  locuUttes,  see  the  Cfttal<sue  of  looiiitieB  in  the  latter 
part  of  thia  volume. 

Haee  gwirlz,  at  Albonj  and  Paris,  Me.,  Acworth,  N.  H.,  and  elsewhere  ;  tmok,^  gtuirte,  al 
Goshea,  Mass.,  Richmond  Co.,  N.  T.,  Pike'a  Peak,  Colorado,  etc  ;  amelAgit,  at  Eeweenair 
Foint  and  Thunder  Bay,  eUv,  Lake  Superior;  also  at  Bristol,  Bhode  laland.  near  Qreensboro, 
N.  C.  ;  Specimen  Mountain.  Yellowstone  Park.  Crystalliied  green  quarli,  at  ProvideBoe, 
Delaware  Co.,  Fenn. ;  at  Ellenvillc,  If.  Y.  Chalcedonj  and  agates  about  LiUie  Superior,  the 
Miaaisaippi,  and  the  streams  to  the  west,  etc.  Bed  jasper  is  found  in  pebbles  on  the  banka  of 
the  Hudiua  at  Tro?;  red  and  yellow,  Dear  Hurpb^'s,  CalBveniB  Co. ,  Cal.  Heliotrope  occupies 
veins  in  llate  at  Bloomingrrove,  Orange  Co. ,  N.  Y. 

SeTeral  Twieties  ot  ttus  species  have  long  been  employed  in  jewelry.  The  amitiiy»t  haa 
«lwaj*  been  cateemed  for  its  bennty.  Cameos  ore  in  general  made  of  onyx,  which  ia  well 
fitted  for  this  kind  of  miniature  sculpture.  Jasper  admits  of  a  brilliant  polish,  and  is  often 
tonned  into  vases,  boxes,  kniTe-bandles,  etc.  It  is  also  extensively  nsed  in  the  mauufactare 
erf  Florentine  mosaics.  The  oomelitw  is  often  rich  in  color,  hut  is  too  common  to  be  mnnh 
esteemed ;  when  Qist  obtained  from  the  roiik  they  are  usually  gray  or  grayish-red  ;  they 
leoeiie  their  fine  colors  from  an  exposure  of  several  weeks  to  the  sun's  rays,  and  a  Eubaeqnent 
heating-  in  eartheii  potu.  The  oolois  of  agate,  when  indistinct,  may  be  brooght  oat  by  boil* 
Ing  in  oil,  and  afterward  in  snlphnrio  acid ;  the  latter  rarbonizes  the  oil  absorbed  by  the 
poiotu  lay  en,  and  thna  inoreaaes  the  contratit  of  the  different  oolon. 


Hexagonal.     lAl  =  124''  3'  (basal);  lAl  =  12r  35' (terminal);  6  = 

1-6304  (v.  Bath).     Cleavage  0,  imperfect.     Crye- 

507  tiiia  minute,  commonly  tabular  (f.  507),  formed 

\iy  the  prism  and  basa]  iilaiio ;  also  frequently  iii 

twine  and  ttillinge  witli  (1)  ^,  and  (2)  J  ae  the 

twinning- planes.     Donble  refmctiou  positive. 

H.=7.     G.=2-282-2-326.     Lustre  vitieoiifl,  on 

tlie  fac«  pearly.     Colorless,  becoming  white  on  weathering.     Fracture  cou- 

choidal. 

Obmpr—Pure  silica,  oi  SiO],  like  quarti. 

Pyr. — RB.  infusible.  Fuses  insodawitbeCFerreMence,  formingfaoolorleesglaaB.  SdnUe 
[i  a  boiling  saturated  aolution  of  sodinm  carbonates 

Obs. — First  found  in  cavities  iu  the  trachyte  from  Cerro  St.  CriiitoTal,  near  Paohnca, 
Mexico.  Also  iu  the  trachyte  ot  the  Siebeugebirge,  and  in  related  rocks  from  many  louBlitieu. 
Foiming  on  one  occasion  the  mass  of  white  yolcanic  ashes,  from  the  island  Vulcono.  Also 
in  microsoopic  crystals  inclosed  in  opal,  and  in  quarti. 

ABIL4NITE  {Afa-keli/ne). — A  third  form  of  silica,  cTystallizlog  In  the  orthorhombic  system, 
"isomorphons  with  bn>okit«."  B.=3'6.  Q.  =  3-24S.  Found  in  very  minute  cr.fBtalllDa 
fraiuB,  generally  rounded,  in  Uie  meteoric  iron  of  Bteitenbach. 


Massive,  amorplioos;  eometimee  small  renlform.  stalactitio,  or  large 
toberoec.     Also  earthy. 

H.=r5'5-6'5.  G.=l*9— 2"3.  Lustre  vitreons,  frequently  subvitreoiia : 
often  iucliniujj;  to  resinous,  and  Bometimes  to  pearly.     Color  white,  yellow, 


uyn 
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red,  brown,  green,  gray,  generally  pale;  dark  coloi-s  arise  frym  foreign 
admixtures ;  amietiineB  a  nth  play  ot  wjIoi's,  or  different  colore  by  refracted 
and  reflected  light.     Streak  white,     Ti-anspai-ent  to  nearly  opaque. 

Oomp. — Silica.  SiOi,  u  for  qnartz,  tbe  opal  condition  being  one  of  luwei  degrees  of  liatd- 
jaat  and  apeciflc  gravity.  Water  ia  luiiaUy  present,  but  it  is  regarded  ae  nneaaentiaL  It 
Tariea  in  amount  fioiu  2  to  2!  p.  o.;  oi,  mosLlf,  ttom  3-9  p.  o. 

Var. — ^t.  Prreious  Opal.  Eliliibiteaplay  otdelicatecolors,  or,  oaPliny  ftays,  preftentn tbiIoiu 
nfolgciit  tjnte  in  Buoceadon,  refleoting- iioir  one  hoe  and  now  another.  Seldom  larger  Uum  a 
hazel-nat.     Doiibl;  refraoting  (biaiiolj,  Bilireia. 

3.  Fire-opal,  Ujaointh-redtolionoj'-jrellowaoloiB, withfiTe-likereBectionaEomewhatiriaed 
on  torning, 

8.   Oiiwiol.     Bluisll- white,  translucent,  with  leddiah  reflections  in  a  bright  light. 

i.  Common  Op<d.  In  pnrt  tnuislncent;  [a]  mak-white  to  greenish,  yellowish,  blulab;  (i) 
■  lte»iit-o}ial  (WnchBopal,  Pechopal,  0«rm.),  vai;  honey-  to  ochre -yellow,  with  a  reunoiu 
Iniftre-   (e;  dull  olive-green  nnd  mountain- green  ;  {d)  briok-red, 

.  5.  C-ieAoiong.  Opaque,  bluish-white,  porcelain- white,  pale -yello wish  or  reddish ;  ofteo 
•dhareii  to  the  tongue,  and  containa  a  little  alumina. 

6.  Oliai-ag'ite.     Agatc-lika  in  structure,  bat  conaiating  ol  opal  ol  different  shiules  of  color. 

7.  Ja»p-opai.  Opal  containing  some  yellow  iiou  seequioiide  and  other  impuiities,  and  hav- 
ing the  color  of  yellow  jasper,  with  the  lustre  of  common  opal. 

8.  Woodjtpid  (^aiiopnX,  Qerm.).     Wood  petrified  by  opal. 

9.  Hyitlite.  Clear  as  gloss  and  oolorless,  coa^tttuting  globular  concretions,  and  also  cruaU 
with  a  globular,  renifonn,  boCryoidal,  or  stalactitic  suriaoe ;  also  potieing  into  traualuoeat, 
and  whitish. 

10.  Fioiite,  SUiceowi  Siiitaj:  Includestiamtluoent  to  opaque,  grayish,  whitish,  or  brownish 
Incrustations,  porous  to  Srni  in  teitnre  \  sometimes  fibrous-like  or  filamentous,  Euid,  whan  bo, 
pearly  iu  lustre,  formed  from  the  decom position  of  the  siliceous  minurals  oF  volcinic  rooks 
about  fumaroles,  or  from  the  stlioaous  waters  of  hot  springs.  It  graduates  at  times  into 
byalitSL  QeyHcriU  constitutes  coooretionary  deposits  about  the  Iceland  and  Yellowstone 
[pealUc]  geysers,  presenting  white  or  grayigb,  porous,  stalactitic,  filamentous,  oauUQower- 
like  forms;  also  corapoct-mossive,  and  acaly-massive;  U.  =  5;  larelj  transparent,  usually 
opaque ;   sometimes  falling  to  powder  on  dryiug  in  the  air. 

11.  Float-slont.  In  ligbt  concretionaiy  oi  tuberose  masses,  white  or  grayish,  sometimea 
caTeniOQs,  rough  in  fracture.  So  light,  owing  to  its  spongy  texture,  oa  to  float  on  water. 
The  coucretioos  sometimes  have  a  flint-like  nuoleos. 

•  13.  TripoUte.  Formed  from  the  sihceous  shells  of  Diatoms  and  other  microscopic  spe<nei, 
as  first  mode  known  by  Ebrenberg,  and  occorrlng  in  deposits,  often  many  miles  in  area,  either 
nncompacted,  or  moderately  hard.  Iiifu»ai  iiU  Earth,  or  t!iirtky  Tripolilt,  a  very  fine-grained 
earth  looking  often  like  an  eartay  chalk,  or  a  cloy,  but  boish  to  the  feel,  and  scratching  glan 
when  rubbed  on  it 

Pyr.,  et=. — Yields  water.  B.B.  infusible,  but  becomes  opaque.  Some  yellow  varietdes, 
oantaining  iron,  turn  red. 

Oba. — Ocaun  filling  oavitieB  and  flssorea  oi  seams  in  igneous  rocks,  porphyry,  and  som« 
metallic  veins.  Also  imbedded,  like  flint,  in  limestone,  uid  sometimes,  like  other  quorta 
oonoretions,  in  argillaceous  beds ;  oUo  formed  from  the  siliceous  waters  of  some  hot  springs ; 
also  resulting  from  the  mere  acourauiation,  or  accumulation  and  partial  solution  and  solidifi> 
oatiou,  of  the  siliceous  shells  of  infuaorio — which  consist  essentially  of  opal-ailioa. 

Freeioai  ojial'oocuts  in  Hungary;  in  Honduras;  and  Mexico.  Fire  opid  occurs  at  Zimapan 
in  Mexico  ;  Faroe  ;  near  Son  Antonio,  Honduras.  Oomnu/n  opal  is  abundant  at  Telkebanya 
in  Hungary;  in  Moravia;  in  Bohemia ;  Stenielberg  in  the  SisbengBbirge ;  Fnriie,  Iceland; 
the  Qiaul'a  Causewoy,  at  many  localities.  In  U.  a.,  hi/a-itt  oocu'a  spariuijly  in  N,  York,  at 
the  Fbillipa  ore  bed.  Putnam  Co. ;  in  Qeorgia,  in  Borke  and  Scrivcn  Cos. ;  in  Washington  Co., 
good  fire  opal.     At  the  Qeyseis  on  the  Fire  Hole  river.  Yellowstone  Park,  geyneiite  is  abundant. 

The  precious  opal,  when  lortfe,  and  exhibiting  its  peculiar  play  of  colors  in  perfection,  ia  a 
g«m  of  high  value.     It  is  cut  with  a  convex  surface. 

UELANOPaLoaiTEt  (Lrwim^j.^OocuFS  iu  minute,  colorless,  cubes  coating  sulphur  ciyftall 
from  Qirgenti,  Sicily.  Contiins  SiOj  M-ip.  a.,  SO,  7-i,  Ht0  3-U;  chemical  nature  doiiM- 
till.    lama  block  upon  ignition,  heaca  the  name. 
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IL  TEBNARY  OXYGEN  OOMPOirNDS. 


X.  SILIOATES.— A.  ANHYIiBOUS  SaiOATES. 


.  BiBiLioATics.    Gebbbal  Fobhui^  BSiO,. 


(a)  AmpAiiol^  Groiip.    PyroaenA  Sectioii, 

y    EHBTATrm.    Bbokzitx.    PEotoliutito. 

ie.  J  A  1=88°  16'  and  91°  44'  (Breitenbach  ineteonto,  v. 
Lang);  6:1:  d  =  0-6S853  ;  1-03086  ;  1.  Cleavage:  /, 
easy ;  t-{,  i-i,  less  so.  SoiDetiines  a  fibrous  appearanoe 
on  the  cleavage-BntfacG.     Also  iiiaGeive  and  lamellar. 

H.=5-5.  &.=31-3-3.  LuBti-e  a  little. uearly  on 
cleavage-Burfaces  to  vitreoiiB  ;  often  metailoiaal  in  the 
bronzite  variety.  Color  grajish-white,  jellowiBh-wliite, 
greeuish- white,  to  olive-gi-ecu  and  brown.  Sti-eak  nu- 
colored,  grayieh.  Double  refraction  positive  j  optiu- 
axial  plaue  bracbydiagonal ;  axcB  vei-y  divergent. 

Bamle  Notwat  Oomp- Var.— UKSiOi=SLliua60,iiui£neaia40=100;  aiaoQIg.YtA 

'■  SiOi. 

Var.  1.    With  little  or  no  iron;  Ensialile.     Color  white,  jellowiah,  giujish,  or  greeniali- 

white;  luatre  peBily-Titieoue ;  a.=3'10-3'I3.     OldadniU,  which  mokes  up  90'p.  a  oil  Uie 

BUbopvUIe  meteorite,  belongs  liere  and  is  the  purest  kind ;   YieiorUe  {Mmitierj,  foun  the 

Deeaa  (Chili)  meteorio  iron  Ib  probablj  identdcaL 
3.  Jrerriferout ; ifirojitile.     Color  gmfish-greeu  to  oliTe-green  and  brown;  Inatre  of  oleav- 

ige-Burface  adam^tine  pciirlf  to  aubmetAllio  or  bronze-like.     The  ratio  of  Kg  :  Fe  Tarie* 

bom  11  :  1  to  3  :  1.    AnalyEis  of  brooiitc  from  Leiperville  by  Pisani,  SiO,  67-08,  lUO)  0-28, 

PeOO-77,  Mff0  86-69,  H,0  0B0^«962. 
Pyr.,  etc. — B.6.  almoBt  infusible,  being  onlj  glig-htly  rounded  on  the  thin  edgal;  F.=6. 

Insolable  in  hydrochloric  acid. 
DiS. — DiBtingaiBbed  by  its  infusibility  from  varieties  of  amphibole,  which  it  Teseinbles. 
Obs. — OccuTB  near  AloyBChal  la  Moravia;  in  the  VoagCfl;  at  Eupferberg  in  Havana ;  at 

Baste  in  the  Hara  {I'roiobtiatiU] ;  in  the  chrysolite  bombs  in  the  Eifel ;  in  immense  crystala 

with  apatite,  near  Bomle,  Norway,     la  Feunsylvaiua,  at  Leiperville  and  Texas  ;  at  Brewster, 

H.  T.     Broniite  is  quite  commoa  in  meteorites. 
DesCloizeanx  first  defined  the  liroita  of  this  species,  as  here  laid  down- 
Named  from  'trariTni,  an  opponent,  hscaoae  so  letnictory.     The  n»me  brotlMiU  has  ptioiUir, 

bat  a  bconse  Instre  is  not  ementiai,  and  is  far  from  universal. 


BTPSR8THBHB. 

Orthorhombic.  /A  7=91°  32^,  DeaCloizeaux  (Mt.  Doi-6);  01"  W 
T.  Rath  {amblj/stegite).  Cleavage :  i-i  perfect,  /  and  i-l  distinct  but  lutea- 
mpted.     Ueiially  foliated  maseive. 

H.=5-6,  G.=3-392.  Lusti-e  Eomewlmt  pearly  on  a  cleavage-surface, 
ftad  Bometimes  a  little  metalloidal ;  ofteii  with  a  peculiar  iridost^euce  due 

n  .J  ii/j'- ■;■-  V-  it.n.i>,;n^ 
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to  the  presence  of  miimte  enclosed  tabular  crystals  (brookite!)  in  parallel 

poaitiou  (Koeinann),     Color  dark  brownish-green,  gray- 

ish-black,    greeniah- black,'  pinch  beck-brown.      Streak  />0G 

grayish,  brownish-gray.     Translucent  to  nearly  opaqne. 

Brittle.     Optic-axial  plaue  bmchydiagoual;  axes  very 

divergent;  bisectrix  uegative. 

OoMP^-(Mg,Pe)3iO,  with  Pe  ;  iSg=l  :  8,  1:8,  eto.  If  Pe  to 
>b=l  :  2  the  formula  Kqaireg  StO,  M%  FeO  21-7,  HgO  24-1=100. 

Pyr.,  etc. — B.B.  fnaes  to  a  black  enamel,  and  on  chaiooal  yleldi  a 
nagnetio  masa.     Partially  decompoeed  by  lijdroehlorla  acid. 

Obs.— HTperathene  oooniB  at  Me  St.  Paol,  Labrador  in  Canada ; 
at  the  Isle  of  Sk;e  ;  in  GrReuland  ;  Norway  ;  Bonaberg  in  Bohemia  ; 
the  Tyrol ;  Elfdalen  in  Sweden ;  Laaoher  See  [itrrM^ttegita') ;  VoLgt- 
land  ;  in  tnicbyto  of  Mt.  Dorfi,  Anvergne. 

In  chemical  compoaition.  «rutatiU  (and  brotuile),  and  hs^erilhene 
belong  together,  since  Chey  gjade  inseiiaibly  into  eaoh  other ;  and  in  ^ 

crystalline  form  the;  are  identical.     The  esBential  differeoce  between 
them,  according  to  DesCloizeani,  lies  in  the  axial  dispersion  whioh  is  vni/b 
•artatite,  and  p  >  u  f or  bypeistbene, 

DlACLABTTS. — Near  btontite ;  diSen  In  optical  charAoters.     (Ug',Pe,0a)3i0i 
Onadarraina,  Spain. 


^ 


WOXJ^STONITB. 


Tabular  Spar.    Tafelspath,  Germ. 

Monocrtnie.  6'=  69"  48', /a7  =  87"  28',  0  A  2-i  =  137*  48' ;  6:h:d 
=  0-4338  ;  0-89789  :  1.  Fig.  510  in  the  pyroxene  or  normal  x>osition,  but 
wi'^i  the  edge  0/i-i  the  obtuse  edge ;  f.  511  in  the  position  given  the  crys- 
tals uj  authors  who  make  i-i  tlie  plane  0,  and  2-i  the  plane  /.  0  A  —  !•• 
=  160"  30',  0  A  1-i  =  154°  25',  «-*  A  —  2  =  132°  54',  i-ih-2.  =  93"  62'. 
Karely  in  distinct  tabular  crystals.  Cleavage:  0  most  distinct;  i-i  leas 
so:  1-i  and  —  1-i  in  truces.  Twins:  t winning-plane  i-i.  Usually  cleav- 
abte  massive,  with  the  surface  appearing  long  nbious,  fibres  pm^lel  ur 
reticulated,  ratlier  strongly  cohereuL 


H,=45-5.  {l-=2'78-2'9.  Lnstre  vitreone,  inclining  to  pearly  npoD 
the  faces  of  perfect  cleavage.  Color  white,  inclining  to  gruy,  yellow,  red, 
or  brown.  Streak  white,  bnbtransparent — translucent.  Fracture  uneven, 
sometimes  ~ery  toogh.  Optic-axial  plane  *-i ;  diver^nce  70°  40'  for  the 
red  rays ;  bisectrix  of  the  acute  angle  negative ;  inclined  to  a  normal  tu  i-i 
67°  48',  and  to  ft  ncrmal  to  0  12",  DeaCC 

n  .J  ii/j'- ■;■-  V-  it.n.i>,;n^ 
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Oomp^-Ua3iO,=Silia517,  lime  48-3=100. 

Pyr^  etc. — 111  tbe  maliass  no  change.  B.B.  fnaes  easilj  on  the  edges:  with  (ome  (odk,  ■ 
blebby  g'lnsa,  with  more,  swgUb  up  and  is  infusible.  With  bjdrDchlorioacidgelatiniics ;  mosl 
vsrieties  effervesce  alightly  (com  the  presenoe  of  oalcita. 

Diff. — DiSeis  Icom  asb^us,  snd  tiemolite  infoimiDga  jelly  with  acids,  at  al«o  bj  its  mora 
Titreona  fracture ;  fiuieii  less  readily  thau  natrolite  and  acolecite ;  when  pure  does  not  eSar- 
veace  with  acids  like  the  carbonates. 

Oba. — WoUostonite  la  found  in  regions  of  granite  and  granular  limeabnie ;  olso  in  basalt  and 
lavas.  Occuii  in  Hnngary;  in  Finland;  and  in  Norway;  at  Oookura  in  Sweden ;  in  the 
Haiz;  at  Anerbooll,  ingranalar  liinestona;  at  YeauviuH,  In  the  U.  S.,  ia  N.  i'ork.  utWilla- 
borough  ;  at  Lewia  ;  Diana,  Lewia  Co,  In  Peiin.,  Bucks  Co,  At  the  CliS  Mini,  Keweenaw 
Point,  Lake  Snpeiioc.     In  Canada,  at  Grenville. 


PTROZENB. 


Monoclimc.  (7  =73°  59',  /a/ =87°  6',  Oa%%=\ZV  17';  c:b:d 
=  0-5412  :  0-91346  :  1.  OaI  =  100"  57',  0 A  -  1-i  =  155»  51',  (?A l-» 
=  148°  35'.  £»  A -1  =  146°  9',  £^  A  1  =  137° ,  49',  -1  A -1  =  131°  24. 
Cleavage:  /rather  perfect,  of  ten  interrupted;  i-i  sometitnes  nearly  per^ 


feet ;  i-i  impei-fect ;  0  aometimcB  easy,     Ci-vRtnls  iisnnlly  thick  anil  etont 
Twills:  twiiining-planoi-*  (f,521).     Often  coni-se  lainelhir,iii  larfje  inasees, 

Sarallel  to  O  or  i-i.     Also  graimlar,  particles  uoai-se  or  iine  j  and  fibruuB, 
bi-es  often  fine  and  long, 

II.=5-6.  «  ~3-23-3-5.  Lustre 
vitreous,  iiiclininfr  to  resinous ; 
some  pearly.  Color  gi-ecn  of 
varioiifl  shades,  verginfi  on  one 
side  to  white  or  grayisli-white, 
and  on  the  otliei-  to  bi-own  and 
black.  Sti-eak  white  to  pray  and 
gray  i  si  1 -green.  'f  ransparent  — 
opaque.  Fracture  eonclioidal — 
uneven.  Brittle*.  In  crystnla 
from  Fasea, optic-axial  plane  i-i; 
divergence  110°  to  118°;  bisec- 
ti-ix  of  the  acute  angle  pc«ilive, 
'  to  a  normal  to  i-i  and  22°  55'  to  a  normal  to  O,  DesCl, 

n  .J  ii/j'- ■;■-  V-  it.n.i>,;n_ 


OZYOKN   COHPOUNDe — ANHTDBOTTB   BUJOATEg,  S)6 

Oomp.,  Tar. — A  UnliciLte,  having  the  (feneral  formula  BSiOi,  where  R  maj  be  Ca,3^, 
Fe.Hn,  •ometimv  olao  Za,£ai,NAi.  Uauodl;  tiwo  or  more  of  Ukese  baaes  aie  present.  Tlia 
BiaC  three  are  moat  common ;  bat  oaloi  jm  U  tbe  onlj  one  that  is  preasnt  alwaja  and  in  laigt 
percentaffs.  Besides  the  snbsUtatioDS  of  the  above  bases  for  one  another,  th^  some  bawt 
Me  at  times  replaced  b;  A:l,Fe,M[i,  though  spaiinglj,  and  tha  ailicon  oocaaionall;  b;  alnmi- 

The  Taristies  proceeding  from  thsss  isomorphoua  imbstitations  are  many  and  dEverM.f'^DJ 
there  are  still  others  depending  oa  tbe  state  of  otjBtalliiation,  The  foliated  axi£j/aina 
kinds  early  received  sepaiate  names,  and  for  a  while  were  regarded  as  distinct  speoiea.  mnos 
or  colunmai  forms  sra  very  much  less  oommon  than  in  hornblende,  and  lamellar  or  foliated 
kinds  more  common.     The  crjstAli  are  rarelj  loug  and  slender,  oc  bloded,  like  thoee  of  th*t 

The  most  prominent  lUvlsion  of  the  species  in  Into  (A)  the  latn-ataminaut ;.  (B)  the  alum^ 
wm».  Bnt  Uie  former  of  those  groups  sbades  imperoeptiUf  into  the  latter.  These  two  gronpa 
are  generally  subdivided  according  to  the  prevalence  of  the  diflereut  protoxide  elementa 
Yet  here,  alio,  iiie  ^ntdstion  from  one  series  to  another  is  in  general  by  almost  insenaiblfl 
■hadea  as  to  composition  and  chemical  characters,  as  well  as  all  physical  qualities. 

L    CONTAININO  I.ITTI.B   OH   HO  ALUMINA. 

1.  LiiM'Magnttia  Pynxcrne ;  Malacolitk.  Diopside,  Alalito,  White  Coccolite.  Colot 
white,  yellowi^,  grayish- whice  to  pale  green.  In  ccyataU;  uleavabla  and  gmnnlar  massive. 
Sometimes tntDsporent and oolorlesB.  O.  =  it *3-3  i)8.  Formula,  CaMgSi,Oi  =  SilicaS5'0,  mag- 
nesia 18-0,  lime  :S'9.     Sometimes  Ca  :  Mg=l  :  2  ;  less  than  4  p.  c.  of  iron  are  present 

%.  Ltina-^agnninlroit  PynxttM  ;  SaiiIiITe;.  Color  grayish-green  to  deep  green  and  block ; 
■ometimes  grayish  and  yellowish -white.  In  crjatals  ;  also  di'avoble  aad  granular  masttive 
G.=U  35-S'4.  Named  from  Sala  in  Sweden,  one  of  its  localities,  where  the  mineral  ocean 
In  masses  of  a  groyish-greeu  oolor,  having  a  perfect  cleavage  parallel  to  tbe  bniial  plane  [  0). 
Formula  iCtt,Mg,Fo)SiO,.  ThoratioofCa  :  Mg  :  Fevarien  much,=;(  :  B  :  1,  3  :  3  :  1,  etc.  The 
rBtia=4  :Z:  I,  corresponds  to  Bilioa  3i!'7,  magnesia  lit  4.  lims  24*0,  iron  proto^de  ti  0=100. 

DlALLAOK.  Fart  of  the  so-called  diaUage,  or  tbin  foliated  pyroxene,  belongs  here,  and  the 
nst  under  the  corresponding  divisiOD  of  the  aluminous  pyroxenes.  Color  grayish -green  to 
bright  grass-green,  and  deep  green;  lustre  of  cleavage  surface  pearly,  sometimes  metalloidid 
or  brosBy.  U.—A.  Q.=^-'i-a:Hii.  Composition  near  the  preceding ;  analysis  by  vom  Rath, 
Senrode,8iOi  53 -00,^10, 1-99,  FeOB-93,  HnO  0'2tf,  MgO  1800,  CiiO2l-0U.  H^O  O-8<!=08-83. 
With  this  vi>riety  belongs  part  also  of  what  has  been  called  liyptnAfne  and  broaeiU — tbe  part 
that  is  cosily  fusible.  Common  especially  in  serpentine  rocks.  Named  from  ita'fJ^ay^,  tUf' 
ftreiict,  in  allusion  to  the  disaimilac  cJeavKgea. 

8.  Iron-Lim«  Pj/rxKat.  Hkoembekgitk.  Color  black.  In  crystals,  and  also  lamellar 
massive;  cleavage  easy  parallel  to  i-v  Q.=3'.')-3'i>8.  Formnla  CaFeSijOa  (,Ug  being  absent) 
=6ilicA  48  'Si,  lime  2318,  iron  protoxide  39 '43=100.  AMleniUt  is  a  similar  pyroxene  con- 
taining also  Hn  (IgeLibom),  Sweden. 

4.  Lim^Iroa-ihiiigaMte-Zine  PgrcMne ;  Jepfbrboxitk  Color  greenish -black.  Crystal! 
often  very  targe  (3-4  in.  thick),  with  tbe  angles  generally  rounded,  and  the  faces  noevan',  as 
if  corroded.  G.~S-3S.  Analysis,  Franklin.  N.  J.,  by  Fisani,  SiOt  45-95,  AlO,  0-8S,  FeO 
Sfll,  MuO  10-20,  ZnO  1015,  CaO  31  55,  MgO  3-61,  ign  0-35=101-87. 

U.    ALDHraoTTS. 

Alumiaout  Linta-Magneiia  Pgroxent;  LBnCAHOrrH  (Dana).  Color  white  or  graTiah. 
Analysia.  Bathurst,  C,  by  Hunt,  SiO,  61-50,  ftlO.  0-13,  FeO,  0  35,  MgO  17  09,  OaO  33-80 
H,0 1-10=10059.  Looks  like  diopside.  H.=G-5.  O.=a-10.  Hnnt.  Named  from  ^twuK, 
lOtiU.  /' 

Alandtunu  Unu-Moffnetia-Iron  Pyroxens;  Pabbaii^.  Acoitb.  Color  clear  deep-green  to 
peenish-black  and  blaok ;  in  crystals,  and  also  massive ;  eubtransluceat  to  opaqne.  G. 
=3-25-3'5.  Contains  iron,  with  caldnm  and  magnesium,  also  aluminum.  Analysis  of  augite 
from  Montreal  by  Hunt,  SiOj  49-40,  AlO,  fl-70,  FeO,  7*83,  MgO  IH-OO,  CnO  31-88,  Na,0  OT*, 
H,0  0-SO=100-11. 

a.  FtiiniU  (or  Pi/rgom).  Inolndes  the  green  kinds  fonnd  in  metamorpbie  rooks.  Named 
from  tlie  locality  at  Fassa  in  PiedmnnC,  whicb  affords  deep-green  crystals,  sometimes  pistachio. 
gmen,  like  the  epidote  of  the  locality. 

b.  Auglte.  Includes  the  greenish  or  brownish- black  and  black  kinds,  oocurring  moatlf  !■ 
emptive  rooks,  but  alao  in  metamorpbie     Named  from  iv/f,  huttt. 
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Pyr^  vtc — VaiTtiig  widely,  owing  to  tbe  wide  Tuiktioiu  In  oompodUon  In  the  diflemit 
niietiu,  and  often  bj  inaeoBible  g'radRtionB.  Foaibilit;,  from  the  &lmoit  infaaibla  diallAfn 
to  3'75  in  diopmde  ;  tl*5  in  Bahlite ;  8  in  jeffenonite  and  angite;  2'G  in  hedeoliergite.  Tb- 
rletiea  riob  in  iron  afford  k  msgneUc  globule  when  fused  on  oharooal,  and  In  geaoiBl  their 
fnsibilitf  vanes  with  Che  amount  of  iron.  JeSeiBonlte  givea  with  aod*  on  chaiooal  a  reaodtm 
for  tino  and  manganese ;  manj  others  also  give  with  the  fluxes  leaotions  for  maQganete.  Hoat 
vuiedea  are  unacted  upon  b;  acida. 

Di£— See  Amphibole,  p.  387, 

OIm. — PyToxeaa  is  a  oommou  mineraJ  in  raratalliue  Umeatone  and  dolomite,  in  seip^ntina, 
and  in  volcanio  rooku ;  and  oocnn  also,  but  less  abnndantl;,  in  connection  with  granitio  rocks 
and  metamorphio  «chiBta.  The  pjroxene  ot  limeatone  ia  mostl;  the  white  and  light-green  oi 
gtay  variedea ;  that  of  moat  other  metamorphio  lock,  Bometimea  white  or  oolo^eaB,  bat 
oanallj  green  of  diSeient  ahadea,  from  pale  green  to  greenish-black,  and  occasionallj  black; 
Uiat  of  neipentine  ia  «ometimea  in  fine  ar7Btala,  bat  often  of  the  foliated  green  kind  called 
^iaiiage;  that  of  emptlve  rocks  ia  the  black  to  greeniab -black  avgita. 

Prominent  foreign  looalltieB  ore ;  naUwMU  {diapnde],  Travereellu,  Ala  in  Piedmont ;  Sala, 
Tanabe^.  Sweden  ■  Parg^as;  Achm^onk  ;  etc.  Sa^itu,  Snla;  Arendal;  Degeriie  ;  iichwanen- 
berg;  etc.  ffed«'ibfrffiU,Tfiaa.b&i:g;  AiendaL  AugUe,  Vaeaathai ;  Vesurins:  etc.— in  moat 
dolwytifl  igneous  rooka. 

In  N.  America  common  (see  list  of  looalities  at  the  close  of  the  volume)..  Some  looaUtiM 
an;  In  3^ii».,  at  the  Bolton  quarries.  In  (7i7nn.,  at  Canaan.  In  iV.  TbrA,  at  Warwick.  Hon- 
roa,  Edenville,  Diana,  lu  iV.  Jertey,  in  Franklin.  In  I'aan.,  near  Attleboro'.  lu  Canada, 
at  Bytown,  at  Calumet  I.,  at  OrenviUe. 

AcmTK—Uonoclinic.  In  slender  pointed  crystals  (hence  name)  in  quartz.  H.  =6.  0.= 
8'3-3'53.  Color  brownish  to  reddish-brown,  in  the  fracture  blackish -green.  Opaque.  Fnu> 
tue  uneven.  Brittle.  BSiOi,B=Na,,Fe.  ot  Fe(Fe=RR)i  anatysis  bv  Bammelsberg,  SiOi 
BI-88,  FeO,  2828,  FeO  523,  MnO  0-fl9,  N(hO  13  M,  K,0  0  43,  TiO  111,  ign  08»=100-25 
KoDgsberg,  Norway. 

.^tRiTB. — Near  pyroxene  In  form,  but  contains  alkalies.  H.=5-6-0.  O,  =3'4S-3-S8. 
Color  greenish -black.  Subtronslucent  to  opaque.  Analysis  Bamm.,  Brerlg.  SiO>60'35,  AIOi 
1-23,  FeO.  22'UT,  FeO  BSO,  HnO  1-40,  CaO  S-47,  HgO  l-ti8,  Na,0  92B,  E,0  0D4=100-7». 
Alao  bom  Magnet  Cova,  Aikansaa. 


RaODONITB. 

Tridinio,  but  approximatelj  isninorphous  with  pyroxene.     Cleavage :  I 
perfect ;   0  less  perfect.     Usually  massive. 
M2  H.=5-5-6-5.    (i.=3+-3-68.     lustre  vitreous.    Color 

light  brownish-red,  flesh-red,  sometimes  greenish  or 
yellowish,  when  impure;  often  black  outside  from  ex- 
posni-e.  Sti-eak  white.  Transparent — opaque.  Frao- 
turo  conclioidal — uneven.     Very  tough  when  maasiva. 


Oomp.,  Var. — HnSiOi  =  Silioa  46'B,  manganese  protoxide  54-1= 
,  100.  Usually  some  Fe  and  Ca,  and  ocoasionally  Zn  replace  part  of  tlM 
y  ^1.  Ordinary,  (a)  Cryntallized.  Either  in  cryBtols  or  foliated. 
The  ore  in  crystals  from  Paisberg,  Sweden,  was  named  PaiibergUt 
under  the  idea  that  it  was  a  distinct  species,  [b)  Granular  massive. 
Oalftferotu  ;  BuHTAMtra.  Contains  0  to  IS  p.  o.  of  lime  replacing 
part  ol  the  manganese.  Often  also  impure  from  the  presence  of  cal- 
ahun  earbonate,  which  suggests  that  part  of  the  lime  replacing  the  manganese  may  have  oome 
from  partial  alteration  Qrajish-red.  Zineiftrout ;  Fowlekite.  In  crystals  and  foliated, 
the  latter  looking  much  like  cleavable  red  feldspar  ;  Uie  crystals  sometimes  half  an  inch  to  aa 
inch  through.     /Ai=8a'  30",  Torrey.     G.=3-44,  Thomson. 

Pyr.,  eto. — B.B.  blackens  and  fuses  with  slight  intumescence  at  2'S  ;  with  the  fluxes  give* 
icactions  for  manganese  ;  fowlerite  gives  with  soda  on  charcoal  a  reaction  for  zinc  Slighllf 
acted  Dpon  by  acids.  The  oalciferous  varieties  often  effervesce  from  mechanical  admix- 
tare  with  cftldam  carbonate.  In  powder,  partly  dissolves  {□  hydrochloric  acid,  and  the  in 
•olahle  part  becomes  of  a  white  oolot.  Darkens  on  exposure  to  the  air,  and  sometimM 
hnoomes  nearly  black. 
Otaa^-OooorastLoiigbaiifiiMrPhillpatadtinSwadn;  also  in  tb*  Han;  in  th«  dirtriot  •< 


oxraBH  ooupounse — AsuTDSona  silioatxs.  *»o 

Kfttharinenbwf  In  ths  Vztl ;  in  ConuraU.  eta  Occnra  in  Wsrwiok,  Han. ;  Bine  WU  Baj, 
Haine ;  neai  Hitiedale,  N.  H. ;  fov^erita  (ktatinsiM)  at  Uambuis  and  Sterlins,  Kew  Jonej. 

Named  from  piUot,  a  rem,  in  tUiuion  to  ibo  color. 

BABiNQTONtTB.— Triolinio.  8ESiO.+Pe8i,0,,  with  E=Fe(Un) :  Cft(Bl|r)=2  ;  8  (Bamm.1 
AnalTms,  BammelBberr,  SiO,  5122,  FaO,  11-00,  FsO  lO'SS,  HnO  7-91,  MgO  0-77,  CaO 
19*38, 1(ii=0'41=lt0-S3.    Color  fTeenish-black.    Arendal;  Nanan;  Deronshlra-  Bavano. 


Monoclinic.      C^=  69»  40'  /A  7=87°,   (?  A  24  =  130°  SCK.      Crystalt 
large.     Cleavage :  i-t  very  perfect;  I  also  perfect; 
1-t  in  traces ;  in  striee  on  ^i.     Twins :  twinuiiig-plane  oS3 

*-».     Also  massive,  with  broad  cleavage  surface. 

H.=  6-5-7.  G.=3-13-3-19.  Lustre  pearly.  (Jroas 
fractare  vitreous.  Color  grayish-green,  passing  into 
greenish-white  and  grayiaU-wh'ite,  rarely  faint-reddish. 
Streak  iin colored.  Ti-ausluceut — Bubtraiislueeiit  Frac- 
ture uneven. 


Oomp.— 8B3iO.+4AlSi,0, ;  E =1,1,  mostly.  Silica  MS,  alu- 
mina 29-4,  tithia 0-4=100.   SomeUmeaLi  :  Ka(E)=30  :  1,  Bamm. 

Pjrr.,  eto. — B.  B.  beoomea  wliite  and  opaque,  BwelU  up,  imparta 
ft  pnrple  red  ooloi  (lithia)  to  the  Uame,  and  foaes  nt  3'5  to  a  clear 
01  wliita  glau.  The  powdered  mineial,  fosed  with  a  mixtare  ot 
potaMium  bianlphate  and  flnor  on  platiaom  wiie,  gives  a  more  in- 
tansa  littila  reaotion.     Not  acted  npon  by  adda. 

Diff. — DiitinpiiBlied  by  its  perfect  ortbodiogonal,  as  well  aa 
priamatio,  oleavage ;  has  a  higber  apeoific  gravity  and  more  pearly  Narwich,  Mass. 

lnatre  thm  feldspar  or  aoapolite.     Qives  a  red  flame  B.B. 

Obo.— Ooonn  on  the  island  of  Utii,  Sweden ;  near  Sterling  and 
Liiens  in  the  Tyrol;  at  Eilliney  Bay,  near  Dublin,  and  at  Peterhead  in  Scotland.    AtQoshra, 
fiksa.  ;  also  at  Oheaterfield  and  Norwich,  Mast. ;  at  Windham,  ILiine ;  at  Winohester,  N.  H.; 
at  BrooUeld,  Ct. 

Pbtalitb.— 8Li,Si,Oi-)-lA18iiOii=Silica  7707,  alumina  17'7S,  Utlua  8'57,  soda  0-07=1 
100.  Bamm.  Q.  ™tio  Li  :  Al  :  Si=l  :  4  :  20,  or  focbasei  toulicon=l  :  4.  H.=0-0-0.  Q 
isS-S.     Colodess;  wliite.    UtS,  Bwedeu;  Elba  (MuforAf) ;  Bolton,  Haas. 


> 


Am^hibole  Section, 
ANTHOFHTUJTB.    -^ 


Orthorhombio.  I\t=  125"  to  126'  25'.  Cleavage:  i-i  perfect,  /  lea 
et^  i-i  difficalt.  Commonly  lamellar,  or  flbroiis  massive ;  fibres  ofteu  veiy 
•lender. 

H.=5-5.  G.=31-3'2.  Ltistre  aomewhat  pearly  upon  a  cleavage  bup- 
fiice.  Color  brownish-gi-ay,  yellowish-brown,  brownish-greon,  Bometimos 
■nbmetallic.  Streak  nnoolored  or  grayish.  Translucent  to  subtranslucent. 
lliittlc.  Double  refraction  positive;  optical  axes  in  the  brachydiagooal 
section. 


DBBOBIPnTB  MUUfUALOOT. 


Obrop^ — (7e,U^)5i0i,  Fs  :  1^=1 :  3=Bilioa  95  0,  migaeda  S7-8,  Iron  protoxide  16-7=: 

M). 

Pyr.,  etc — B.B.  foBes  with  great  difflcnlt/  to  »  black  magnetio  enamel ;  with  the  flnxM 

Hetmannrchlv 


—B.B.  foBee  vith  great  difficult/  - 
ina  for  iron  ;  unacted  upon  by  aoids. 
ObB. — Oocura  near  Koi^faberg;  in  Kotwoy.  and  neai  Modum,     Alao 


Horavio. 

Anthophyllite  'bearB  the  name  relation  to  the  Ainphibole  Group  that  rnatatile  and  hjptt- 
stbene  do  to  the  Pf  roxene  Qronp. 

KuPFPEKiTB.— Probably  MgSiOi,  with  alittloFa.  IM=l2i'  SV,  hence  BueiwtatUe-Aom- 
iUnde.  Color  emerald-green  (chrome).  TunkiiiBk  Uta. ,  Hiaalt  AcolyEis  of  a  umilar  min- 
eral from  Perth,  Canada,  Thomaon,  SiOi  67-00,  AlO.  ^'20,  FeO2'10,  MgO  29'30,  CaO  3-55. 
IgtK  8-68=99  3a 


AUFUlfiOLB.*  nOBKBLBBDE. 


X 


ifonoelinic.  0=  75'  2',  /A  /=  124°  30',  OM-i  =  164°  10',  i:l:d 
=0-5527  : 1-8825  :  1.  Ci-ystalfl  sometimes  stout,  often  long  and  bladed. 
Cleavage;!/  liighly  perfect  :i-i,  i-i  sometimes  distinct.  Lateral  planes 
often  longitudinally  striated.  Twins;  twiTining-plane  i-i,a9in  f.  527  (simple 
form  f.  526),  and  530.  Imperfect  crystallizations;  fibrons  or  columnar," 
coarse  or  fine,  fibres  often  like  flax;  sometimes  lamellar;  also  granalar 
massive,  coarse  or  fine,  and  usually  sti-oiigly  coherent,  but  Eometimen 
friable. 


S34  S3.'! 


H.=S-6.  G.=2-9-3-4.  Lustre  vitreous  to  pearly  on  cicavage-tacee ; 
fibrous  varieties  often  silky.  Color  between  black  ana  white,  through  vari- 
ous stiades  of  gi-ecii,  inclining  to  black iah-green.  Streak  niicolorod,  or  paler 
than  color.  Sometimes  nearly  trausiiarent ;  usually  siibti'aiialucont — opaque. 
Fracture  subconchoidal,  uneven.  Bisecfrix,in  most  varieties,  inclined abont 
60°  to  a  normal  to  O,  and  15°  to  a  normal  to  i-i;  and  double  i-efmction 
negative, 

Oomp.,  Tar. — GFeneral  fonniila  B3iOi,  aa  for  pyroxene.  Alnminnm  in  preBent  in  mo«t 
•mpbibole,  and  when  ao  it  naually  replaces  silicon.  It  may  correspond  to  two  or  more  of  tho 
basicelements  IIg.Ca.Fe,Mn.Nat.Ki,Hi;  and  R  to  Al,  1^  or  Mn.  ¥o  Bometimes  rcplaocN 
■lUcnn.  like  Al.  Mach  amphibole,  eiipediUly  the  aluminoDS,  oontoini  some  fluorine.  The  b«M 
oaleiDn)  IB  absent  from  Borne  varieties,  or  nearly  bo. 

Tbe  wirietiet  of  amphibole  are  as  nntnerona  aathoMof  pyroxene,  and  for  the  same  reuou; 
and  they  lead  in  general  to  aimilaz  rabdlTUloiia 

r„i„,.^.>,i.^i^ 


OXTGXR  D0KF0CIID6 — ^ASHTDBOUS  enJOATEB. 


T.    OOKTATRIHS    LITTLB    OS    HO    ALUKDIA. 

Magntfti-lMJU  Ampl^olt ;  Tbemolitk.  OiunmHtite.  Colon  white  to  d&rk-gray.  la 
ttitiQct  oiTBtak,  either  long  bladea  OT  short  and  stout:  longtuid  thio  oolniuiiu,  or  flbrouit : 
alMi  compact  eT&culoT  mscsiTe.  lf^I~\2\°  30'.  H.  =  5-0-6'5.  0.=2&-JI'I.  Sometim«a 
trauBpureDt  and  oolodeas.  Contains  magnesia  and  lime  with  little  or  no  iron  ;  forniala  (Ca, 
UK)SiO,,  Ca:  Mg=l  :  3=Silica  ST70.  magneaia  38  SS,  lime  13';!5  =  10D.  "SimeA  TremiAiUhj 
Pini,  from  the  locality  at  Tremola  In  Switzerland. 

NcrnniTK.^In  part  a  tough,  compact,  fine  groined  tiemalite,  having  a  tinge  of  green  at 
blue,  and  bceoking  with  a  nplinterj  tractareaad  glifitening  luatie.  H.=0-G'S.  O.  =2  90-3' 1. 
Named  from  a.  aapposed  efficaoy  in  diaeaBati  of  the  kidney,  from  vetp6^,  iddaay.  It  oconn 
DBually  asaociaced  with  taloose  or  magnesian  rocks.  Nephrite  or  jade  was  brought  in  Um 
form  of  carved  ornaments  from  Mexico  oc  Peru  soon  after  the  discovery  of  America.  A  simi- 
lai  atone  comes  from  China  and  Nen-  Zealand. 

A  nephrite -I  ike  mineral,  called  bomtiiile,  from  Smltbfield,  B.  I.,  having  the  haidnesa  6 '5  is 
serpentine  in  compoaician.  The  jade  of  de  Saussure  it  the  tavimrite  (see  nnder  ZoiBlTK) 
of  the  younger  de  Saaasore.  Another  alnminona  jade  has  been  c^led  jntltiU  (q.  t.)  l^ 
Damoor. 

Magn«fia-Limr-Iron  Amphibolt ;  AcTiNOf.iTK.  Sttablatein,  Oervt.  Color  brighl-gteen 
and  grayish -green.  In  cryntalB,  either'  SHoft'  or  long-bladed,  as  in  tremolite  ;  colamnar  at 
flbrous;  granular  moesire.  O.  =  3-3  2.  Sometimes  tntnspaient.  ConUuns  magnesia  and 
lime,  with  some  iron  protoxide,  but  seldom  more  than  ff  p.  c. ;  formala  (Ca.ft^.  Fe)SiO|. 
The  variety  in  long  bright-green  ciyrtok  is  called  gUtuy  aetiaelite ;  the  crystals  Dre.ik  easily 
keroBB  the  prism.  The  flbroos  and  radiated  kinds  are  often  oalled  atbatiform  actiaolitt  and 
Tadialed  ael'i'oUte.     Actinolite  owes  its  green  color  to  the  iron  present. 

Iroii-Miignesia  AmphiboU  ;  Cuuminotonitk.  Color  gray  to  brown.  Usually  fibrous  or 
llbro-lamellar,  often  radiated.  Q.  :=8'1-3'S2,  Contains  much  iron,  with  some  magnesia,  and 
little  or  no  lime.     Formula  (Fe.Hg)SiOi.     Named  from  the  looolity,  Cummington,  Moss, 

ASBKSTCS.  Tremolite,  acitinolite,  and  other  varietita  of  amphibole,  excepting  those  eon- 
tli'li"g  much  alomina,  pass  into  fibrous  varieties,  th^  fibres  of  which  are  sometimes  very 
long,  fine,  flexible,  and  easily  aeporablB  by  the  fingers,  and  look  like  flax.  These  kinds,  like 
the  corresponding  of  pyroxene,  are  called  atbeiltu  (fr.  the  Greek  for  intombiatibyi .  The 
colors  vary  from  white  to  green  and  wood-brawn.  The  name  'imianthaa  is  now  applied  usn- 
ally  to  the  finer  and  more  silky  kinds.  Much  that  is  lo  called  is  eliTyfiUU.  or  fibrous  serpen- 
tine, it  cantaining  13  to  14  p.  o.  of  water.  Mountain  Uather  is  a  kind  in  thin  tiexible  sheets, 
made  of  interlaced  fibres  ;  and  mpuntiiin  a/rk  (Bergkork)  the  same  in  thicker  pieoeg ;  both 
Hre  so  light  as  to  float  on  water,  and  they  are  often  hydrous.  Mountain  uced  (Serg\iO\z, 
HoliQsbest,  Otitn  )  is  oompaot  fibrous,  and  gray  to  biown  in  oolor,  looking  a,  little  like  dry 


n.  Ai.iruiMOD& 

Abminotu  Magnetia-Limt  AtiwAibolA.  (a)  EDBirrra.  Color  white  to  gray  and  pale-green, 
and  also  oolorlest ;  O.  =3-0-3-031),  Eamm.  Resembles  anthophylUte  and  tremolite.  Named 
from  Ibe  looolity  at  Edenville,  N.  T.  (for  analyus,  see  below.)  To  this  variety  belong  various 
pale-colored  amphibolea.  having  less  than  five  p.  c.  of  oxide  of  iron. 

(6)  SifAiiAOniTt:  Sauitare.  Atbin-foliated  variety,  of  a  light  grass-green  color,  resembling 
much  common  green  dialloge.  According  to  Boutanger  it  is  an  aluminonn  mjignes'a-lime 
amphibolo,  containing  lesa  than  81  p.  o.  iron  protoxide,  aud  is  hence  related  to  edenitn  and 
the  light  green  Fargas  mineral.  DesCloizeaux  observes  that  it  has  the  cleavage,  and  appai- 
entty  the  optical  characters,  of  amphibole.  H.=G;  C=8.  Jt  forms,  along  with  whitish  or 
grayish  snuBsurite,  a  rock 

Aluminout  Magnaia-Ume-Iron  Amp/iiboie.  (n)  Parqasitb;  (b)  Hornblende.  Color* 
bright,  dork,  green,  and  bluisb-grcen  to  grayiih-btick  and  black.  /a/=124°  1-134°  2b'; 
0.=3  05-8'47.  Pargatiltia  nsually  made  to  include  green  and  bluish -green  kinds,  occurring 
ia  itODt  lostrous  crystals,  or  granular;  and  l-arnbUr^  the  greenish-bluck  and  block  kinds, 
whether  in  stout  crystals  or  long  bloded,  columnar,  flbrous,  or  masaiTe  granular.  But  no 
line  can  be  drawn  between  them.  Fargasite  occurs  at  Fargas,  Finland,  in  blnisfa-gteen  and 
gnyish-block  crystals. 

Composition  shown  by  the  following  anslysea  by  Bammelsberg;  (1)  from  EdeiiTlU*;  (f) 
WoltBb<irg,  Bohemlk ;  (BJ  Brevig. 
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■  With  1-01  TfO,, 

Pn.,  etOi — The  obaervatioiui  under  pyroxene  applj  tito  to  thlt  apeoles,  It  beings  InqMMdbl* 
to  durtiingnish  the  varieties  by  blovrpipe  oharacten  alone. 

Diff.— Dietmgnislied  from  pyroxene  (tukd  tonrmtiluie)  by  its  disUnct  prigmatlo  oleavage, 
yielding  an  angle  of  124°,  Also  in  colored  varieties  by  its  diobroisni,  wben  examined  in  th^ 
■ectioiu.  Fibrous  and  colomnar  forma  are  much  more  common  than  with  pyroxene,  lanellal 
and  foliated  forma  mre.  Crystals  often  long,  jdender,  or  bUded.  Differs  from  the  flbioiia 
■eoIit«s  in  not  gelatinidng  with  adds. 

Itamarpitmit  and  Bimarplvnu  niaUant  to  PjfToxtM. — The  analogy  in  oompoaition  between 
pyroxene  and  hornblende  has  been  abnndantiy  iUnstratcd.  They  faave  the  aams  general 
formula ;  and  nndei  thia  f onnnla  there  la  but  one  differenoo  of  any  importance,  vIe,  ,  that 
lime  ia  a  piomment  ingredient  In  all  the  varieties  of  pyroxene,  while  it  is  wanting,  or  nearly 
•o,  in  some  of  those  of  hornblende.  The  analogy  between  the  two  apeaies  in  orystallization, 
or  their  essential  isomoipbiam,  was  pointed  ont  by  Q,  Bose  in  1831,  who  showed  that  the 
forms  of  both  were  referable  to  one  and  the  same  fondiimental  form.  The  prism  lot  hom> 
blende  corresponds  in  angle  to  t-2  of  pyroxene.  Oalonlatlng  from  the  angle  /a  /in  pyroxene, 
97"  5',  the  angle  of  t-3  is  preoisaly  lii"  80',  or  the  angle  /a /In  hornblende.  Bat  while  thus  . 
laomorphoBs  in  axial  relations  or  form,  they  are  also  dimerpRovi.  For  (1)  the  cleavage  in 
tVToxene  is  parallel  to  the  prism  of  87°  5',  and  in  hornblende  to  that  of  124^°.  (S)  The  occor- 
dng  secondary  planes  of  the  latt^  are  in  general  diverse  from  those  of  the  former,  so  that  the 
ciystala  differ  strikingly  in  habit  or  syat«m  of  modiScariona.  Moreover,  in  pyroxene  ooinm- 
nar  and  fine  flbrona  forma  are  nnoommon ;  In  bomblendcL  exoeedingly  oommon.  (8)  The 
Hveral  chemical  compotmd*  nnder  pyroxene  have  one-itntk  higher  ^ecdBo  gravity  than  the 
oorrespondtng  ones  under  hornblende. 

Vom  Eath  has  described  the  occnizence  of  minnto  oryst&ls  of  hornblende  in  parallel  pod- 
Idon  npon  crystals  of  pyroxene  (Vesnvins),  and  in  consequence  of  the  relation  between  the  two 
fOTms,  Urns  brooght  out,  suggests  a  change  in  the  commonly  accepted  fundamentsi  form  of 
the  latter.  (Jahrb.  Hin.,  1876.)  This  association  of  crystals  of  the  two  species  in  parallel 
position  is  not  uncommon. 

Ob* — Amphibole  ooonis  in  matiy  crystalline  limestones,  and  metamorphic  granitic  and 
■Ghistase  ro<Jca,  and  sparingly  in  serpentine,  and  volcanio  or  igneoos  rocks.  Tremolite,  the 
magnesla-linie  variety,  is  especially  oommon  in  limestones,  partioularly  magnesion  or  dolomi- 
tio:  ootinolibe,  the  magnesia  lime-icon  variety,  in  steatitlo  rocks;  and  brown,  dark-green, 
and  block  hornblende,  in  chlorite  sohists.  mica  schist,  gneiss,  and  in  various  other  rooks 
^enyte,  dioryle.  etc.),  of  which  it  forms  a  constituent  part.  Asbestus  is  often  foaod  inoon- 
ntotlon  with  serpentine.  Hornblende  is  often  disseminated  in  black  prismatic  cryatata  through 
tnohyte,  and  also  throngh  other  igneous  rocks,  especially  the  fsldapatbic  kinds. 

Ana^  and  Tepliti  in  Bohemia,  Tunaberg  in  Sweden,  and  Pargas  in  Finland,  afford  fine 
■peoimena  of  the  dork-colored  hornblendes.  AclinoOU  in  the  Zillerthal;  trtTnoUU  at  St. 
Oothord,  in  granular  limestone  or  dolomite :  the  Tyrol ;  the  Bannat,  etc.  Aibeftwi  is  found 
In  Savoy,  S^bnrg,  the  Tyrol ;  in  the  island  of  Coraloa.  Some  localities  in  the  U.  S.  are  : — 
Carlisle,  Pelhom,  etc.,  Must.,  eummirwtoniie  at  Cummington.  In  C//im.,  white  crystals  of 
tremolite  in  dolomite,  Canaan.  In  If.  York,  Willsboro',  St.  Lawrence  Co.;  Warwick;  with 
I^TOxene  at  JBdenviile;  near  Amity;  in  Bessie ;  the  variety fmrf^niYt  in  largo  white  crystals 
at  Dian^  Lewis  Co.  In  Penn.,  actinolite  at  Mineral  Hill,  in  Delaware  Co.;  al  Uuion^le^ 
In  Maryland,  actinolite  and  aabestus  at  the  Bare  Hills ;  oKbestus  at  Cooptown. 

HsXAQONiTB. — Described  as  a  new  mineral  by  Qoldamith,  but  shown  by  Kcenig  to  be  only 
«  variety  of  tremolite.     From  Edworda,  SL  Lawrence  Co.,  N.  T. 

ABrvEDBoHtTB.^—Near  hornblende,  but  oontains  alkalies.  Analysis,  Bamin.,  QreenloDd, 
810,  61-23,  AlO.  tr..  FeO,  2375,  FeO  780,  MnO  1-13,  CaO  208,  MgO  0-80,  Na,0  10-68, 
KiOO'68,  ignO-lO^gSliB.     Qreenlsnd;  Brevig;  Arendol. 

CBOClDOLlTii.— Composition  anoertoin,  near  arfvedaonite.  Analysis,  Stromeyer,  SiOi 
61-22,  FeO  84-08,  MnO  010,  MgO  248,  CaO  003,  Ha,0  707,  H.O  4-80=99-78.  Fibroua, 
•sbestns-like.  Sometimes  altered  to  '^  Faterguan.'"  Color  lavender-blue  or  leek-greon. 
Orange  river,  Bo.  Africa.     Tosges  Hts. 

AABTAI.DITB.— Monodinic  Cleavage  prismatic,  If\l  =  124°  2S'  (like  amphibole).  T{.=i 
9-7.  Q.=3-a44.  Color  dark-blue  to  asnre-blue.  Streak  greenish -blue.  Q.  raUo  It  :  «  :  81 
cl  :  3  ■  R;  formula  BiAl^SiiOit,  with  a=Fe.Ug,Ga.Na,.  Anolyaia,  Straver.  l^iOi  OS'SO, 
AlOi  21-40,  FeO  l)'04,  MgO  8^3,  CnO  2  03,  Na.O  4-77,  K,0  tr==08'71.  Occurs  in  ohloriM 
date  in  the  valleya  of  AoeM  and  Looano. 

aiiAOConuHB.— HooodlnJc    OUav^eprinnatio, /a  J=:ia4°  61'.    £=06.    a.RS-0007 


ozTQEir  ooxpoinrDe — ahhtdbotts  bqjoates. 
OoIoT  Uno,  Uniih-blML    Q.  ntdo  for  biuM  to  iQloon  1  ;  S.    An&lTde  from 


BERYL.* 


Hexagonal.     0  A 1  =  150°  3';  c  —  0-499 
often  vertically  striated.      Cleavage :  basal 
Occasionally  coareo  eolamnar  aiid 
Urve  granular.  r 

H.  =  7-5-8.  G.  =  2-68-^2-76. 
Lnstre  vitreons,  sometimes  resin- 
ons.  Color  einemld-green,  pal© 
ffreen,  passing  into  ligut-blue,  yel- 
lovr,  and  wEite.  Streak  white. 
Transparent  —  sabtranslucent. 
Fracture  conclioidal,  uneven.  Brit- 
tl&  Double  refraction  feeble; 
axis  negative. 


Habit  prismatio,  the  prists 
mperfect ;  lateral  indistinct 


f^^^^^ 


Haddftin,  Ot. 


Sibeii&. 


Var. — This  apeclea  is  one  of  the  few  that 
oomi  only  in  aijit»lB,  and  that  have  no  ea- 
wntial  ToiiationB  la  chemical  oompositioa.  There  are,  howevsr,  two  prominent  ^roupi  depend- 
ent on  oolor,  the  color  TtUTing  aa  chrome  orlroniHprescat;  butonl;  the  merest  trace  of  either 
•xiati  in  an;  oa«e.  The  crTstaln  are  usaoll;  oblong  priBms.  1.  Bmcrald.  Color  bright 
wnerald-green,  owing  to  the  presence  of  chromiam.  Hardnesi  a  little  leaa  them  for  bei;!, 
•cw)rding  to  the  lapidoriea.  2.  Beryl.  Colors  those  of  the  speciea,  excepting  emerold-gieen, 
and  dne  main};  to  iron.  The  Tarietiea  of  beryl  depending  on  color  are  of  importance  in  the 
arts,  when  the  oijBtalH  are  transparent  enough  to  be  of  value  as  gems.  The  transparent 
bluish-green  kindH  ore  called  aqwimatine ;  also  sppl e -green  ;  greenish -jellow  to  iron-jel- 
low  and  houej-yellow.  David»oaite  is  nothijig  but  greenish -yellow  boryl  from  near  Aberdeen ; 
and  gothtmitt  in  a  colorless  or  irliite  variety  from  Goshen,  Musa. 

Oomp— Be.MS;.0,.=8ilica  88-8,  alumina  IBl,  glucina  U'1^^100. 

Fyr,  etc — B.B.  alone  nnchanged  or  becomes  clouded ;  at  a  high  temperatnre  ths  edge* 
are  ronnded,  and  ultimately  a  vestcolar  scoria  is  formerl.  FuBibilit7=G'5  (Kobell).  Q&ta 
with  borax  clear  and  colorless  for  beryl,  a  fine  green  for  emerald.  Ston-ly  soluble  with  salt 
of  pboaphoms  without  leaving  a  siliceous  skeleton.  A  yellawiah  variety  from  Broddho  and 
Finbo  yields  with  soda  traces  of  tin.     Unacted  upon  bj  acids. 

JMB. — ^DiaUnguished  from  apatite  by  its  hardness,  not  being  scratched  by  a  knife,  also 
harder  than  green  tourmaline  ;  from  ohrysobetyl  by  its  form,  and  from  enclase  and  topai  by 
Its  imperfect  cleavage ;  never  massive. 

Oba.— Emeralds  ooonc  in  clay  slate,  in  Isolated  orystals  or  in  nests  (not  in  veins),  near  Muso, 
•to.,  iuH.  Qranada;  in  Siberia.  Transparent  beryls  [ofuainariiMaJ  are  found  in  Siberia, 
Hindostan,  and  Brazil .  Beautiful  cr]Patals  also  occur  at  Elba ;  Bhrenf riedersdorf )  Schlackeu- 
wald ;  at  St.  Michael's  Mount  in  Cornwall ;  Limoges  in  France ;  In  Sweden  ;  Fossnm  in  Nor- 
way ;  and  elsewhere. 

Beryls  ot  gignntio  dimensions  have  been  foond  in  the  United  States,  In  N.  Simp.,  at 
Aowortb  and  Orafton,  and  in  Mnu.,  at  Eoyolston  ;  but  they  are  mostly  poor  in  quality.  A 
urystal  from  Qrafton.  accordiog  to  Prof.  Hubbard,  measures  4£  in.  by  24  in  its  diameter,  and 
a  single  foot  in  length  by  calculation  weighs  1,078  lbs.,  ntaking  It  in  all  nearly  21  tons. 
Other  localities  are  in  JfdM.,  atBarre;  at  Choshen  ;  at  OhesterBeld.  Tn  Conn.,  at  Haddamj 
Hiddletown ;  at  Uodison.     In  Perm. ,  at  LeiperviUe  and  Chester ;  at  Mineral  HilL 

B(JDiAi>rTB. — RhombohedraL  Color  ros*-r«d.  Bxaot  oompceition  uncertain.  Analysis, 
Damoor,  SiO,  &0  38,  ZrO,  IS-60,  Ta,0,  0-86,  FeO  687,  HnO  l'(tl,  CaO  9  2U,  Na,0  lU'lO, 
01  1'48,  HiO  1-35=06-37.  West  Qreeuland.  Bucolite  is  similar,  Wt  contains  also  some 
at  the  cerium  mebUs.     Norway. 

PoLLDOITK.*— 3R,Aiai.O,,-t-2aq  with  B  =  mostly  Cs(Na,Ll}.  If  Na  :  Cb=1  :  2,  tboi 
Bi0.43'6,AJO. 18-2.  CB,0»tl4,  Hai08-7,H.O  2-1=100.  Isomstrlo.  OidorlMa..  Uaud  a< 
Bba  wjtb  OMtulte. 
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p.  Uni8ilioate8.    General  Fobuula.  iR^iOf.  ,J^ 

ChryBolite  Oroup.  C'/^a 

OHRTSOUTB.*  OUvine.     Peridot.  '^ 

ibic.  /A  /=  94"  2' ;  ^  A  1-i  =128'  28' :  h'.l'.H-^  1-25S8  : 
1-0729:1.  OAl-t  =  130''36i'.  ^i 
Ai-2,  OT.  i-%,  =  180"  2'.  Cleavage: 
i-%  ratlier  distinct.  Maetivo  and 
wmpact,  or  gmimlar;  uEiially  in 
imiieddeti  grains, 

H.=^6-7.  G.zz.3-33-3-5.  Lustre 
vitreoua.  Color  green — commonly 
olive-green,  Kinietiraos  yellow, 
browiiiali,  grayialired,  grayish- 
green.  Streak  nsiially  micolored, 
rai-ely  yellowish.  Transparent — 
translucent.     Fi-actiire  eonuhoidal, 

Oomp.,  Vac — (U^,Fe]i8iOi,  with  traces  at  times  of  Mn,  Oa,  NL  The  unoant  of  fion 
nriw  mnoh.  If  Hg  :  Fe=:l3  ;  1,  the  fornmla  leqniraa  Silica  41'39,  mtgneei*  GOilO,  iroa 
protoxide  7-71=100  ;  Mg  :  Fs=9  :  I,  6  :  1,  etc..  and  in  hj/atotideriU  2  :  1, 

Fyr.,  etc. — B.B.  whiteiu,  but  is  infiisible ;  with  the  duxeii  gives  reaotioiu  for  Iron.  H7»- 
losiderite  and  other  varieties  rich  in  iron  fose  t«  a  block  magoetic  globnie.  Some  nujetiea 
^Tc  reactiona  for  titaniam  and  mangiuiBBe.  Decomposed  b;  hjdrooblorio  acid  nitli  aepam- 
tion  of  gelatioona  silica. 

DiS. — Distin^aiahed  by  ita  infosibilitj.  Commonly  obaerred  in  small  yellow  imbedded  graina. 

Obs. — A  connDOn  coiutitaeDt  of  some  eruptive  rocks  ;  and  also  occurrii^  it)  ot  among  met*' 
morpbic  rocks,  with  talcose  achist,  hyperathene  rocks,  and  serpentine  ;  oroa  a  rock  f ormatiop ; 
also  a  constituent  of  many  mettoritea  {e.g.,  the  Pallas  iron). 

OcsuTB  in  omptive  rocks  at  Vesuvius.  Sicily,  Hecla,  Sandwich  Islanda,  and  meet  volcania 
Iilanda  or  regions ;  in  Auveigne  ;  at  Unkel,  on  the  Kbine ;  at  the  Loscbcr  See  ;  in  dolerite  or 
basalt  in  Canada.  Alao  in  1abtadorit«  rocks  in  the  White  Mountains,  N.  H.  (hyaUMideriU) ;  in 
EiDudon  Co.,  Ta.;  in  Laocastec  Co. ,  Pa., at  Wood's  Mine. 

The  following  are  members  of  the  CJiTyidUie  Orcip  : 

PoBSTKHiTE. — MgiSiOi.  Like  chiysoUte  in  physical  characters.  Teroriiis.  BOLTONTTB, 
Msentially  the  same.     Bolton,  Mass. 

HuNTlCKLLlTB,  trora  ML  S^'miua,  and  Batracrite,  from  the  Tyrol,  are  (Ca,Mg),SiOi, 
with  Cb  :  Mg=l  :  1.  H.=5-5-5.  Q.  =  303-a-2ri.  Montioellik  also  occurs  in  Inige  qnw»tit»e«i 
(t.  Rat>)  on  the  Peameda  Alp,  Tyrol,  altered  to  serpentine  and  fassaiCe. 

FAYALlTE.-^FejSiOi,  G.=4-1'14.  Color  black.  In  volcanio  rocka  at  Fayal,  Aiorea ; 
3fonme  Mts.,  Ireland. 

HoRTONOLiTB.— (Fe,l^),SiO„  with  Fe  ;  Mg=3  ;  3.     O'Seil  mine,  Ornnge  Co.,  K.T. 

TEPnnoiTK-— Mn.SiO..    G.=4-4-12.    Color  reddish -brown.    Sterling  Hill.  N,  J.;  Sweden. 

BOEPpERiTE.  —  An  iron- manganese -line  cbijsolite.  H.=o-5-e.  (J,  =  aD5-4-(l8.  Color 
dark-gceen  to  black.     Stirling  Hill,  N.  J. 

EHKBEilrTa.— (Fe,Hn),SiOi,  with  Fe  :  Mn  =  l  :  1.     Q.=4-Id.     Color  gray.     Dannemora, 


teucoPHASiTB.*— Composition  given bytheancJys;B(Rainin.)SiO,  47-08,  AlO.  1-03,  BoO 
10-70,  CaO  2387,  MgO  0'17,  Na,0  11  -36,  K,0  OaO,  F  8-57=100-43.  Orthorhombic.  O.  = 
2'S7,     Color  green ish- yellow.     Occurs  in  njenile  on  the  island  of  Lamoo,  Norwsiy. 

Melifsanitb  ( Mel inophan). —Composition  given  by  the  analysis  (Hamm.)  SiOi  48'M, 
A10.(FeO,)  I57,  B«0  n-74,  CaO  88-74,  MgO  Oil,  Ka,0  8-5n,  K^O  140,  H,0  080,  F  5-78 
5=9B-tffl.     Q.=3  018.     Orthorhombic.     Color  yellow.     Fredrikiviim,  Norway. 

WitiiLERiTE.— CompoBition  given  hy  the  aunlyaia  (Oamm.)  SiO, 2H-43,Cb,Ot  14-41,  ZiOt 
IQttS,  Ca0  36'18.  FeO<lbiO)  2-60,  Na,0  778=08-03.  Monoulinie.  0.=8-41.  Color  Urhfr 
jtliaw.    Hear  Brevig,  Horway. 
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Willemite   Group, 


WUXBMITII.  * 

Rhombohedral.  R  A  li  =  nG'l\  0 Mi  =^U2°  IT ;  i  =(Hi7378.  Oea^ 
age:  i-2  easy  in  N.Jersey  cryetak;  O  easy  in  those  of  Moreenet  Also 
masgivc  and  in  disseminated  grains,    Somctinies  tihrane. 

Il.^ft'S.  G.=3-69-4-18;  4-27,  traDspamit  crystalB 
(Cornwall).  Lustre  vitreo-resinouB,  ladier  weak.  Co]()r 
whitish  or  gi-eeiiish-yellow,  wiieii  pui-eet;  apule-greeii, 
Besh-red,  gi'ayisli-waite,  yellowisli-brown ;  often  dark- 
brown  when  impni-e.  Sti-eak  wneoloreJ.  Transparent 
to  opaque.  Brittle.  Fracture  couchuidal.  Double 
.^fraction  BtTOug;  axis  positive. 

Vox. — The  crjatali  of  Uoresnet  and  New  Jene;  differ  in  oamnilig 
toraxn.  The  latMr  ue  often  qaite  liuge,  and  paaa  under  the  Dame  u( 
troostitt;  tbej  are  cominoiil]'  impure  from  the  presence  of  mao- 
ganese  uid  iron. 

Oomp^Zn,SiO,=Silii<a2T-l,  linc  oxide  72 'S-IOO. 

Pyr.,  etc. — B.B.  in  the  (oroepa  glows  and  fnaea  with  difScnlty  to 
a  wbit«  enamel ;  the  Tatietiea  from  New  Jeise;  foM  from  8  5  to  4. 
The  powdered  mineral  on  charcoal  in  R.F.  given  a  coating  ;eUow 

while  hot  nai  whiU  on  cooling,  which,  moiatened  with  solation  of  cobalt,  and  treated  in  0. 
F. ,  ia  colored  bright  gnen.  With  soda  the  coating  ia  more  readil;  obtamed.  Decomposed 
by  hydrochloric  acid  with  separation  of  gelatinoua  silica. 

Obs. — Fi-oiD  Vieille-Montagoe  near  MoccHueC ;  also  at  Stolberg ;  al  Baibel  in  Carinthia) 
at  Kacsaina  in  Serviu,  and  in  Qreenland.  In  New  Jersey,  at  both  FranJdin  aud  Stirling'  in 
mch  qaautiCj  as  to  constitnte  an  important  ore  of  line.  Il  occnra  intinmtel;  mixed  with 
siucite  and  fraaklinite,  and  is  foimd  massive  of  a  great  variety  of  colors,  from  pale  hooey- 
yeLotr  and  light  green  to  dark  ash-gray  and  flesb-r^ ;  sometimes  in  crystals  {trootlile). 


DIOFTASB.    Emenld-Copper. 

KhomlKihedral;   tetai-toLedral.     J2A.fl=126''  24';  0^R=\.^'' 
6 ^  05281.     Cleavage :  Ji  perfect     Twine ;  twinning- 
plane  Ji.    Also  loassive,  836 

1I.=5.  0-.=;  3-278-3 -348.  Lustre  vitreous.  Color 
emerald-green.  Streak  gieen.  Transparent — subti-ans- 
hureiit.  I'Vactiire  coiichoidal,  uneven.  Brittle.  Double 
refraetiuu  sti-oiig,  positive. 

Oomp.— Q.   ratio  for   Gu  ;  Si  :  U=l  :  S;  ll    formnla   H,CnSiOi 

(IUmm.)  =  Silica  381,  copper  oiide  504,  water  11-6  =  100. 

Pyr.,  etc.^In  the  closed  tnbe  blackens  and  yields  water.  B.B. 
decrepitates,  colors  tne  flame  emerald -green,  but  ia  infusible.  With 
the  fluxes  gires  the  reactions  for  copper.  With  sods  on  charcoal  a 
globnle  of  metaliio  copper.    Decoiaposed  by  acids  with  gelatinization. 

Obs. — Dioptase  occurs  dispoHed  in  well-defined  crystals  and  amor- 

Qiua  on  quartz,  occupying  seams  in  a  compact  limestone  west  of  the 
of  Altyn-Tubeh  in  the  Eirghese  Steppes  ;  also  in  the  Siberian 
gold-WMhings.  From  Chase  Creek,  near  Clifton,  Arizona,  in  fine 
crystals,  on  a  "  raalwu^ny  ore,"  consisting  of  limonitc  and  copper  oxide. 

Pbgha<  iTB.— BciSu),.   Rttombohedml.  Colorless.  BesemlMes  quartz.  Takoraja;  Miaak  t 
Durango,  Mexioa 

n  .J  ii/j'- ■;■-  V-  it.n.i>,;n^ 
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Pbibdelits.  — Bhombohedrsl,  O/^R^HV;  £a£=1S8°  48'.  GImtbcw:  0  Maj. 
H.=4.75.  Q.=8.0T.  Also  massiTo.  BBcobaioidal.  Color  roM-red.  Tnuulnoent.  DodU< 
raFractioa  strong,  udt  negative.  Aiudysia.  SiO,  86.12,  MnO  (FeO  tx)  G8-05,  MgO,  CaO  S-96, 
H,0  7-87^!00  This  ooireBpondg  to  the  focmuia  Mn,Si,0,(,+2H,0.  U  the  water  u  bMu. 
SB  in  diopttuH,  witii  which  ft  Beenu  to  be  related  in  form,  the  fonnola  is  HJfniSliOit^ 
BiBIO..  Tbia  raqnirw  SiOi  SUOO,  MuO  fitt-ttO,  H,0  T'30=100.  Ooonra  wltli  diallogite  and 
kidbuidite  at  tlie  nnuiganeaa  mliie  of  AdervieUa,  HautM-PjreaieB.  (Bertiand,  0.  E.,  Xtij, 
1870.) 


^metric :  tetrahedral.    Cleavage :  octahedi'al,  in  traces, 

H.=6-6'6.    G.=31-3'8.    Lustre  vitreous,  inclining  to  resinoiiB.    Oolor 

honQy-vellow,  iiiclining  to  jellowish-bi'owii,  and  eiBkiu-gmen.     Streak  itn- 

colored.     SubtranBluceiit.     Fracture  uneven. 

Oomp — Q.  ntlo  for  E  :  8i-l  :  2 ;  for  Mn  +  Pe  :  Be  =  l  !  1 ;  formula  8(Be.Hii,Fe),SiOt  + 

(HQ.Fe)S  (Bamm.).  Ana];siB  by  Teioh,  Lnpikko,  FiiUand,  SIO,  30'81,  BeO  10-51,  MnO 
37-87,  FeO  10'87.  CaO  4-73,  ign  032,  8  6-85-99-9o. 

Pyr^  etc. — FnseantS  In  B.F.  withintnmBSoencetoayellowiBh-brownopaqna  bead,  bBoom- 
ing  darker  in  B.F.  Tfith  the  fluxes  givea  the  macgaDese  leBction.  Decomposed  by  b^dro- 
ehloric  amd,  with  eTolntion  of  sulphuretted  hydrogsD,  and  sapaiation  of  gelatinoDB  lilioa. 

Obs. — Ocoura  In  gneiss  at  SchwarxenbeiB'  in  Saxony  ;  at  Breitenbrnnn.  Saxony  ;  kt  Horte> 
kolle  near  Hodnio,  aiid  also  at  Brerig  in  Norway,  in  xiroon-vei^l^ 


iBOmetric.  In  octahedrons,  with  phtnes  of  the  dodecahedron;  the  dode- 
cahedral  faces  striated  parallel  to  the  longer  diagonal. 

H.=5'5-6.  G.=:3427.  Lustre  vitreo-resinouB.  Color  flesh-red  to  gray. 
Streak  similar,  but  lighter.  Translucdut.  Fracture  subcouchoidal,  uneven. 
Brittle. 

Oomp.— S(Be,Fe,Mn,Zn),8iOi-f-(Fe,Mn.Zn)S.  AnalyatB  :  J.  P.  Goolce,  Bo«kport,  BiO, 
SI -73,  FeO  27-40,  UnO  628,  ZdO  17-61,  BeO  13  83,  S  5'48=102'23.  By  subtracting  from 
the  anolysiB  oxygen  3-74,  equivalent  to  the  sulphur,  the  sum  is  S940. 

Fyr.,  eto. — B.B.  fuses  readily  on  the  edges  to  a  black  enameL  With  Mda  on  charcoal  gives 
m  iliicht  coating  of  dnc  Oxide  Ferfeotly  decomposed  by  bydrochloric  acid,  with  evolulion  of 
■nlpharetted  hydn^n  and  separation  of  gelatinous  ailica. 

Oba. — Occurs  in  the  Rockport  granite.  Cape  Ann,  Mas&,  small  grains  being  disseminated 
throngh  this  rock;  also  near  Gloacester,  Mass. 

BuLYTiTK  (KieselwiBSinth,  Cn-ni.). -^Isometric,  tetrahedral;  in  minute  crystals  often 
•ggcegated  together.  H.=4-5-5,  G.=8-100.  Color  grayish-white  te  brown.  Camp.  A  oni- 
dlioate  of  bismuth,  Bi,Si|Oif  Schneeberg.  Agriedite.  Compoaitiou  similar,  but  form 
monoclinio.  Ouonrs  in  globular  masses  having  a  mdiatod  structure,  and  in  indistinct  groapa 
of  crystals.     8chneeberg  (color  hair-bron'n)  and  Jobaungeorgenstadt  (color  wine-yellow). 

BiaucToFKBiuTs.— CryptoccTstalline;  generally  iDassive.  H.=3'5.  a.=4-47.  Colol 
dUve-green.  Analyaii  (Frenielt  BiO,  241)5,  t^Oi  83-12,  Bi,0,  42'83=100.  Sohneebws. 
^IpeiliioriU  is  homstons  mixed  with  the  aboVe  mineral  Mid  other  impuntiea. 


Garnet    Group. 
QASNBT.*  QmuA,  Oerm. 


Isometric;   dodecahedron,  f.  637,  and  the   trapezohedron   2-2,  f.   638, 
tbo  most  common  forms  j  octahedral  form   very   rare.     Distorted  furniB 
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Bbown  in  f.  345-352,  pp.  105, 106.  Cleavage :  dodecabedral,  sometiineB  quite 
distiiitit.  Twins:  twinning-plane  octahedral.  Also  massive;  granular, 
coarse,  or  fine,  and  sometiniee  friable ;  lamellar,  lamellea  thick  and  bent. 
Also  very  compact,  crypto-crjatalline  like  sausaurite. 


H,=6-5-7-5.  G.=3*15-4'3.  Liistm  vitreons — rcBinoiis.  Color  red, 
brown,  yellow,  white,  apple-green,  black ;  aomo  red  and  green  colors  often 
bright.  Streak  white.  Ti-aiispareut— BiibtnuiBliioeut.  Fracture  eiibcon- 
uhotdal,  uneven.  Brittle,  and  sometimes  fria1)le  wlicii  grannlar  massive; 
very  tongli  when  compact  eryptocrysfalline.  Sometimes  doubly  refracting 
in  consequence  of  lamellar  structiii'e,  or  iu  some  cases  from  alteration. 

Oomp.,  Var. — Qamet  is  a  tmiailicat«  of  elements  In  the  eesquioxide  and  protoxide  states 
baTiug  the  g^enent  formala  RifiSiiOm.  There  we  three  promiaeut  graupe,  biued  on  tiu 
Datura  of  the  predomlnatiiig  sesqnioxide. 

I.  Aluuina  Oabnet,  in  wbioh  oJui'iinuin  (A:l)  predominatm. 

n.  IitoH  fiASNET,  in  which  itva  (Fe)  pci;  dam  mates,  nBoall;  with  Mmo  alaminam. 

]1I.  CUMOUUQAKNBTin  which  cArOTnium  (€x)  is  most  prominent. 

There  are  tbe  folio  wing  vaiietiea  or  subspeciea,  based  on  the  predominance  at  one  or  anothei 
of  the  protoxides : 

A.  OKosaoLAHITe.  or  Lime- Alumina  garnet.  B.  Pvrope,  or  Magneiia- Alumina  ganut. 
0.  ALMANDrrs,  or  Iron- Alumina  garnet.  D.  SPKsaAUTrrR,  or  Maagnnete-Aiamina  itaraet, 
E.  Akduaditb>  or  Lime-Iron  garnet,  incladin^;  1,  ordinary ;  3,  moDganesian.  or  llotiioffite ; 
8,  jttiiferouH,  or  Ttter-garnet.  F.  Brisdiiekoitk,  or  Lime-Magneiiii-lron  garnet.  Q.' 
Odvakovitu,  or  lAme-GltTOine garnet.  Exoepting  the  Last,  these  aubdivisioos  blend  with  on« 
another  mora  or  lew  completely.  /.. 

A.  Lime-Mumina  garnet ;  QaoiS'BLKB.Tr'B.  Ciminmon  atona.  A  silicate  mainly  of  alurainnm 
■ndcaldum;  formula  mostlj  Ca,A3SiiO,,  =  SUica  40-0,  alumina  2^-8,  Ume  ;i7-3  =  lOO.  But 
some  calcium  often  replaced  by  irou,  and  thus  gradoatiug  toward  tbe  Almandite  group.  Color 
(a)  white ;  {b)  pale  green  ;  («)  amber-  and  bOQey-yeliow ;  Id)  wine-yellow,  bra woiflh-y allow, 
cinnamon- brown :  rarely  (e)  emerald-green  from  the  presence  of  cbromium.     G,  =3  '4-d'7B. 

B.  MrgneHa-Aiurnina  garnet;  Pykopic  A  ailicate  of  aluminnm,  with  various  proMxlda 
baaes,  among  which  magnesinm  predominates  much  in  atomic  proportions,  while  in  small  pro- 
portion  in  other  garnets,  or  absent.  Formula  (Mg,Ca.Fe,Mn)i-^lSi|0|,.  Tbe  original  pTTOpa 
Is  the  kind  containing  obrominm.  In  the  anulysisot  the  Arendul  mngncsia-g-imel,  Mg  ;  Ca  i 
FB-(-Mn=3  :  1  :  3;  SiO,  «-45,  AlO,  33-47.  FeO  fl  39,  MnO  «-37.  MgO  ly  43,  CaO  O'.Ws 
100'44  Wacht     Q.=8157.      Tbe  name  pj/rope  ia  from  Tr./,.tjrd:.  Jire-Ukf. 

C.  Iran-Aiumina  garnet;  ALMANDiTa.  A  silicate  mainly  of  ulnmirmm  and  iron  iFo); 
formula  Fe,Alai,0,,  =  Silica  3(|-I,  alumina  30  tt.  iron  protoxide  4:i-3  =  100;  or  Mn  may  re- 
pbice  some  of  the  Fe,  and  J'e  part  of  the  -M.  Color  &ue  deep-red  aud  transparent.,  and  tbon 
called  predout  garnet ;  also  btowniah-red  and  translucent  ox  subtcsnsliicent,  comnum  garnet; 
black,  and  then  referred  to  var.  mttanite.  Fart  of  oommoii  garnet  belong!  to  the  Aadra4Ut 
group,  or  is  iron  gamst. 
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D.  Manganei^Abimina  garnet;  Sfessartitb.  Color  daik  hjacintb-red  (fr.  SpewurO, 
wmetimes  with  a  shade  of  violet,  to  TirowuisE-ffed.  G.=3-7-44.  Aualysia,  llnddam,  Ct,, 
SiO,  86-16,Al,O.10-7e,  FeO  1110,  MnO  33  18.  MgO  0'22,  CaO  0-58  =  100,  RBmra. 

E.  Lime- Iroji  garnet ;  AKDRAErTE._  Aplome.  Color  viirioua,  iDCladiaK  wins-,  topaz-, 
and  exeenish-jellow  (topazoTTEe),  appla-green,  brownish  ted,  brownish -yellow,  grajiah-gTOen, 
dnik  green,  brown,  grayish- blach,  block.    Q.=3.Gl-4. 

Comp.-_CaiIi^eSiiO,i,  this  inoludes :  (a)  7'opaaiUla,  having  the  color  and  trauBparenc7  of 
topaz,  and  also  snmetiines  green  ;  althoogh  resembling- essonite,  Dania'ur  has  shown  that  it 
belongs  here,  (b)  ColopAoiiile,  n  coarse,  granular  kind,  browntah -yellow  to  dark  reddiah- 
^own  in  color,  resinous  in  lustre,  and  usually  with  iridescent  hues ;  named  after  the  resin 
»Atp>u)ny.  (r)  MdaniU  (named  from  f.t'*a€^  dtaek),  bluck.  either  dull  or  lustrous;  but  all 
black  |;amet  is  not  here  included.  Pgreaeitt  is  grayish-black  melanite ;  the  otiginol  afforded 
Tauqaeliu  4  p.  o.  of  water,  and  was  iridesoent,  indicating  incipient  alteration,  (d)  Dark  groen 
garnet,  not  distii^fuiBhable  from  some  olloohroite,  except  by  chcmioal  means. 

F.  lAnxe-Mngamia  Iron,  garnet ;  Bbi:dbbro[TE.  A  variety  from  Solo,  Sweden,  is  here 
Included.  FonnuU  (Ca.Mg),FeSi,Oij=Silicft  87-2,  iron  sosqoioiide  331,  maguesia  12-4, 
lime  17'3=  100,     It  corresponds  imder  Icon  gomet  nearly  ta  nplome  under  Alumina  garnet. 

Or.  lAme- Chrome  garnet ;  Od-tarovite.  Asilicatoof  calcium  and  chrominm.  Foimalit 
CoiSrSiiOn.  In  the  Ural  variety,  a  fourth  of  the  chromium  oxide  is  replaced  by  ottiminnm 
oxide;  thBtiB,Al:  6r=I  !  Bnenrly.  Color  em  era  Id -green,  H.=7-5.  G.=34T-3v3,  B,B. 
Infusible;  with  borax  a  clear  chrome-green  gloss.     Named  after  the  Russian  mlnisCcr,  Uvarof. 

Fyr.,  eto.— Host  varieties  fuse  easily  to  a  light-brown  or  black  glass  ;  F.  =  3  in  almandite, 
■peaaartite.  groseularito.  and  ollochroibe  ;  3  .'i  in  pyrope;  but  onrarorite  is  olmosc  infusible, 
F.=Q,  Allochroite  and  almandite  fuse  to  a  magnutic  globule,  Renctions  with  the  tluzea 
Tory  with  the  hoses.  Almost  all  kinds  react  for  iron  ;  strong  uiongauese  reaction  in  epess&r- 
tite,  and  less  marked  in  other  varieties  ;  a  chromium  reaction  in  onvarovite,  and  in  most  pj- 
lope.  Some  varieties  are  partially  decomposed  by  acids  \  all  ciccjit  ouvarovite  are  decomposed 
after  ignition  by  hydrochloric  acid,  and  generally  with  separation  of  f^atinous  silica.  Decom- 
posed OQ  fusion  with  alkaline  carbonates, 

DiC — Ordinary  garnets  are  distinguished  from  zircon  by  their  fusibility  B  B.,  but  they  fQJ« 
tea  readily  than  vtsuvianite  ;  the  vitreous  lusRc,  alwenco  of  pi ismatic  structure,  and  usuallf 
tiie  form,  are  cliomcteristic ;  it  has  a  higher  specitlc  gravity  i\  an  tourmaline, 

Obs. — Qamet  crystals  ore  very  comniou  in  mica  scbist,  gntisa.  syenitiu  gneiss,  and  hom- 
blende  Uid  chlorite  sciiist;  they  occur  often,  also,  in  granite,  ►yenite,  crystalline  limestone*, 
•ometimes  in  serpentine,  and  occosiounlly  in  trap  and  volcanic  tufa  and  liivo. 

Some  localities  are;  Ginnamon-aboae  {Ki^mite),  Ceyloo ;  Mussa-Aip  in  Piedmont, 
Oroitrilarile,  Siberia;  Tellemark,  Norway;  Ural.  Atmaiitlile,  Ceylon.  Pegu,  Braail.  and 
Greenland.  Cuinmon  garnet  in  large  dodecahedrons.  Sweden  ;AjG[idal  and  Kongs berg  is 
Norway,  and  the  Zillertha),  ifeiiiiuie  at  Vesuvius  and  in  the  Hautes-Py nances  {I'grendte'), 
Aplome  at  Scbwarzenherg  in  Saxony.  8jiiiM)-fite  at  Spessort  in  Bavaria,  Elba,  at  St,  Harcel, 
Piedmont     I'yrope  in  Buhemia,  also  at  Zjblitz  in  Saxony-     Outitivdli:  va  the  Urals. 

In  N,  America  in  Maine.  Pbippsburg,  Eumford.  Windham,  at  Brunswick,  etc.  In  ,V,  JIamp., 
Warren,  In  Atast.,  at  Carlisle ;  massive  at  Newbury ;  at  ChesterQcld,  In  Conn.,  trapeio- 
hedrons,  ^1  in  ,  in  mica  slate,  at  Iteading  and  Monroe ;  Haddam,  In  JV.  rark,  at  Itoger'a 
Bock:  Crown  Point,  Essex  Co.;  at  Amity,  In  JV.  Jer/e;/,  at  Franklin.  In  Penn.,  in  Chestec 
Co.,  at  Pennsbury ;  near  Ensue  rtown.  at  Kelms'miDe;  at  Chester,  brown ;  in  Lciperville, 
ted;  near  Wilmington.  In  Cnlifortiia,  in  Los  Angeles  Co,,  in  Mt  jleadows;  onvan)vit«  at 
New  Idria ;  pyropo,  near  Santa  F6,  New  Mexico.  In  Canada,  at  Marmora,  at  Grenville ; 
(^rome-gomet  in  Orford,  Canada. 

The  cinnamon  stone  from  Ceylon  (culled  hyacinth)  and  the  precioas  garnet  are  used  aa  gems 
when  large,  finely  colored,  and  transparent.  The  stone  is  out  quite  thin,  on  account  of  tbe 
depth  of  color,  with  a  pavilion  cut  below,  and  a  brood  table  above  bordered  with  small  faoets. 
An  octagonal  gomet  measuring  6 j  lines  by  t)^  l>aa  eold  for  near  f  TOO.  Pulverized  garnet  !■ 
■ometimes  employed  as  a  subetitnte  for  emery. 


Vesuvianite  Orowp. 


Tetragonal.  <9  A 1-*  =  147°  22' ;  c  =  0-640378,  Haidiiiger.  /A  1  = 
132°  10 .  Faces  of  pyramids  sometiniGs  convex.  Cleavage :  /  imperfect 
1  less  distinct.     Also  in  irregular  forms  and  graioB. 


OXTGSS  ooHPOinn>e — ahbtdkodb  biligateb,  30S 

H.=7-5.  G,=4'05-4-75.  Lustre  adamantine.  Colorlcfls,  pale  yellow- 
iflli,  grayish,  yellowish-green,  bi-ownish-yellow,  recldiRli-bmwn,  Streak  an 
colored.  Transparent  to  sabtraiistiK^nt  and  opaque.  Fractnre  conchoidal 
lirilUaot.     Double  refraction  Etrong,  poeitive. 

64& 


HeDowdl  Co.,  N.  0. 


T«r.— The  colnriega  and  jellowiBh  or  snioky  sircons  of  Ceylon  have  there  befln  long  called 
jargoiu  m  jewelrj,  in  nllnBioD  to  tbe  foot  tbat,  vhile  reaembling  the  diamond  In  Initte,  they 
were  oompuntively  woitblew ;  and  theace  oame  tbe  name  zimeii.  The  brownish,  oiunge,  and 
reddish  kiuds  were  called  distinotivety  kyaeinUui — a  name  applied  also  in  jeweliy  to  some  top'u 
and  ligbt-cotored  garnet. 

Comp.~ZrSiOi=:Silica!i3,  nroonia  67=100.  Sl&proth  diaooversd  the  earth  dicbnia  in 
thisspedea  in  ITHS. 

Pyr^  etc.— Infnaible ;  the  oolorlew  Tarietiea  are  unaltered,  the  red  become  ooloileot,  while 
dark-colored  TUietiea  are  made  white  ;  some  vaiietiea  glow  and  increase  in  denaily  by  igni- 
tion. Not  perceptibly  acted  npon  by  salt  of  phoaphorua.  In  powder  is  deoompoeed  when 
fosed  with  soda  on  the  platinum  wire,  and  if  the  product  ia  dissolved  la  dilute  hydrochlorio 
anid  it  f(ives  tbe  orange  oolor  characteristic  of  lirconia  when  tested  with  tormerio  paper.  Not 
acted  npon  by  acids  except  in  fine  powder  with  couoeotrated  aolphnrio  acid.  Detwmpoaed 
by  faaion  with  alkaline  oarbonates  uid  bisulphates. 

SUL — Distinguished  by  its  adamantine  lustre,  bardoeea,  and  infvsibility ;  the  ooooneuoe  of 
•qtiare  prismatic  forms  is  alio  characteristia 

Oba.— Occars  in  ccyatolline  rooka,  especially  granular  limestone,  chloritio  aud  other  schiats ; 
gneiss,  sj-enite  ;  also  in  granite ;  eometimea  in  iron-oie  beds. 

Found  in  allurial  sands  in  Ceylon  ;  in  the  gold  regions  of  the  TTral ;  at  Arendal  in  Norway ; 
at  FrederickaTiim,  in  sircon -syenite ;  in  Transylvania;  at  Bilin  in  Bohemia. 

In  N.  America,  in  N.  York,  at  Moriah,  Essex  Co.,  and  in  Orange  Co.;  in  Warwick;  near 
Amity ;  at  Liuna  in  Lewis  Co. ;  also  at  Bouie.  In  N.  Jersey,  at  Franklin ;  at  Trenton  in 
gneisa.  In  N.  Car.,  in  Buncombe  Co.;  in  the  suida  of  tbe  gold  washings  of  McDowell  Co. 
In  CaUfomia,  in  the  aariferoua  gravel  of  the  north  fork  of  the  American  river,  and  ela*- 
wheroL    In  Canada,  at  Qreaville,  etc 


TBSU  VUNTTB.*  Idocrask. 

Tetragonal.  0M4  =  lb\°  45';  (i=0-537199  (v.  Kokscharof).  OaI 
=  14^°  46i'  1  A 1,  ov.  1-i,  =  129°  21'.  Cleavage :  /  not  very  distinct,  0 
still  less  80.  Columnar  stnir.tiii'e  i-are,  straight  and  divergent,  or  irregular. 
BometimeB  granular  massive.  Prisms  uBually  terminating  in  tlie  basal  piano 
O;  rarely  in  a  pyramid  or  zii-conuid;  sometimes  the  prism  nearly  wanting, 
and  the  form  short  pyramidal  with  truncated  Baiumit  and  edges. 
20 


DXSOBIPnTB  HDIEKUOOT. 

LuBtre    vitreouB ;    often  inclining  to  r©> 
iiicins.       Color   bivwn   to  green, 

&nd  the  l&tter  freqnentlv  bright 
and  clear;  occafiiunallv  siilplior- 
yellow,  ftiid  also  pale  blue ;  some- 
times green  along  the  axis, 
and  pistacliio-green  transvereely. 
StrcaV  white.  Siibtrai  i spare ut — 
faintly  snbti-ansluceut.  Fracture 
Bubconclioidal — uneven.  Double 
refraction  feeble,  axis  negative. 

Oomp.,  Var,— Q.  latio  for  B  :  fi  :  Si= 
4:3:7  (accoTding  to  the  latest  inveati- 

S.tiona    o(   Uummelaberg),      B=Ca    (also 
g,Fe,orH,,K,,Na,);  H^Aland  alsoFe. 
If  we  neglect  the  water  the  empirical  for- 
of  bases  to  siticuQ  is  1  :  1.     The  ratio  of 
eiplanatioQ  of  the  diSereot 
}iiberia. 


tb6  qnantivolent 

*  fitated  by  RamraBlsbecg,  is  i 

imeUberg.      (1)  Monzoni  ;  {2)  V/i 


;8-40 


3-73 


6G4 


MtO        CaO      Na.O{K,0)      H,0 

2-11       8.i-34  Oia  30a=  98-75 

6-88       3.V04  Oaa  0,82=101-09. 


Fyr.,  «tc.— B.B.  fuiea  at  8  with  intnmescenoe  to  a  greenish  oi  brownith  glags.  Bfagniu 
■tatea  that  tbe  density  after  fnoion  is  3-03-3  B4G.  With  the  flnxes  i^ires  reactioiu  for  iivn, 
And  a  variety  from  St  Marcel  gives  a  strocg  maDgsneae  raacdon.  Cyprine  gives  a  reaction  foe 
copper  with  salt  of  phoaphorus.  Partially  decomposed  by  hydrochloric  aoid,  and  oompletelf 
when  the  mineral  has  been  prerioaaly  ignited. 

Si£ — Besembles  some  brown  varieties  of  garnet,  tourmaline,  andepidote,  bnt  ita  tetrpigona] 
form  and  easy  fasibility  distinguish  it. 

Obi — Vesuvianite  was  first  found  among  the  oodeat  ejecUons  of  Vesnvloi  and  the  dolo- 
milnc  blocks  of  Somtna,  It  has  since  beeu  met  with  most  abundantlj  in  granular  limestone  ; 
also  in  serpentine,  chlorite  schist,  gneiss,  and  related  rocks-  It  is  often  associuted  with  lime- 
garnet  and  pyroxene.     It  has  been  observed  imbedded  in  opal 

OccDiB  at  VesaviuB  ;  at  Ala,  in  Piedmont ;  at  Munzoni  in  the  Fassnthal ;  near  Chiistianaand, 
Norway  ;  on  the  Wilui  river,  near  L.  Baikal ;  in  the  Uials,  and  elsewhere. 

In  N,  America,  in  ifiine,  at  Phippnburg  and  Bumford,  abundant ;  Sondford  (f.  GUI).  In 
If.  York,  at  Amity.     In  JV.  Jfr$«t/,  at  Kewton.     In  Canada,  at  Calumet  Falls  |  at  Qrenville. 

Helilitr  from  Capo  di  Bove,  and  HumboldtiIjITK  from  Mt  Somma,  are  similar  in  oom- 
poaitioa.  Analysis  of  the  melillt«  by  Damonr.  SiOj  38-K4,  i^lOi  8  01,  FeO,  10-02,  CaO  38-00, 
i^S-71,  NaiOS'ia,  E,Ol-61=00-3«.     Tetragonal.    Color  boaey-yeUow. 


Epidote  Orovp. 

The  species  of  the  Epidote  Group  are  characterized  bj  high  specific 
gravity,  above  3 ;  liardnesa  above  5;  fusibility  B.B.  beIo"rt- 4;  unitonietric 
crystal lization,  and  therefore  biaxial  polarization  ;  the  dominant  prisiiiHtic 
angle  112°  to  117°  ;  fibrous  forms,  wlien  they  occur,  always  brittle  ;  colors 
white,  gray,  brown_  yellowish  green,  and  deep  green  to  black,  and  some- 
times reddisl). 

The  prismatic  angle  in  lointe  and  other  orthorhombio  species  Is  /a  /;  bnt  In  epidote  it  li 
Iho  angle  over  a  faoriiontal  edge  between  the  planes  O  and  t'-t,  the  ortbodiagonal  of  epidot* 
CorreBponding  to  the  tertical  axis  of  xoiaite,  aa  e^Ulned  nndar  the  latt«r  species 

r„i„,.^.>,i.^i^ 


OZTOEN  OOHrOUHDS — ANHTDEOUB  L  IL1UATB8. 


FMuitc  /V 

:63°8',Of/l-l  =  l 


MoiiocHnie.  (7=  89''27';  «-2  At-3  =  63°8',  OAl-t  =  122' 28';  e:i:a 
=  0-4,3436  :  0-80719  :  1.  OaU  =  154°  3',  OA-U  =  154°  15',  t-i  A  -1 
=  104"  48',  i-i  A 1  =  104°  15'.  Crystals  nsiia'ly  lengthened  in  the  direc- 
tion of  the  ort hod t agonal,  or  parallel  to  t-«;  sometimes  long  acicnlar. 
Cleav(U!;e;  i-i  perfect;  l-»  less  so.  Twins:  twinning-) ilane  1-t;  also  t-i. 
Also  fibrous,  divergent,  or  pamllel ;  also  granular,  partiulos  of  various  sizes, 
■ometimes  fine  granular,  and  forming  roek-masses. 


H.=:0-7.  Q-.=:3'25-8'5.  Lustre  vitreous,  on  i-i  inclining  to  pearly  or 
resinons.  Color  pistacliio-green  or  yeiloNvish-gi-cen  to  lirownish -green, 
greenish-black,  and  black ;  sometimes  clear  red  and  yellnw  ;  also  gray  and 
grayish- white,  Pleochroiem  often  distinct,  the  crystals  being  usually  least 
vullow  in  a  direction  tlirough  1-i  (see  p.  166).  Streak  nncoTored,  grayish. 
Snbti-ansparent — opaque;  generally  subtranshiuent.  Fracture  uneven. 
Urittle. 

Tar. — Epidote  has  ordmaiHj  a  peonlitur  yellowiih'Kreen  (pktoohio^  color,  leldom  foaad  Ia 
other  minenUa.  But  this  color  pagses  into  dark  and  light  bhadea — black  on  ons  side,  and 
brown  on  the  other.  Most  of  the  brovn  and  nearlj  all  the  gray  epidote  belongs  to  tbe  speaie* 
ZoUiUj  and  the  leddieh-brown  or  red  dish -block,  containing  much  oxide  ot  niuiganete,  to 
the  specieB  Piedmeiitite,  or  Manganepidot ;  while  tlie  hlaok  ia  mainly  of  the  apeclea  AliajiiU, 
or  Oerinm-epidoM. 

Oomp. — Qnondvalent  ratio  for  Ca :  H  :  Si=4  :  6  :  12,  and  H  :  Ca=I  :  i.  The  formula  1b 
then  H,Ca,Hi8i.0ii.  ft  i«  fe  or  AI,  the  ratio  vaijing  from  1  :  2  to  1  :  a.  AoolyBis,  Untciw 
•nlibnch.  Tyrol,  by  Ladwig  1  SiO,  STSI,  AlO,  33  83,  FeO,  1505.  FeO  003,  CaO  23'37,  H^O 
2-05=:100'7fl.  Aa  first  Bhown  by  Ludn-ig,  epidote  contoinB  abont  2  p.  a  water,  which  is 
fiven  oil  only  at  high  teniperatarea. 

Pyr.,  oto. — Inthecloeed  tube  gives  water  at  a  high  temperature.  B.B.  fuses  with  intiunea- 
cenoe  at  il-3'5  to  a  dork  brown  or  black  mosa  which  ia  generally  mignctio.  Beactn  for  iron 
and  sometiioeii  for  manganese  with  the  Qaxea.  PaitiaUy  deoompoaed  by  hydroohlorio  Mdd, 
but  when  pieTiooaly  ignited,  gelaCinizes  with  acid.     Deccmpoaed  on  fusion  with  alkaline  oar- 


"OiS.  — Diatingiiifilied  often  by  ita  pecnliar  yellowiah-gresD  color ;  yields  n  magnetic  globnla, 
B.B.  Prismatio  forms  often  longitadinally  (triated,  bat  they  have  not  the  angle,  cleavage, 
or  brittlenasa  of  tremolite. 

Oba, — ^dote  is  common  in  many  oiystaUine  rooks,  as  syenite,  gneiss,  mica  schiat,  horn, 
blendio  tobiat,  serpentina,  and  especially  those  that  oontain  the  femlerous  mineral  horn- 
blende. It  often  aocompanies  beds  of  magnetite  or  hematit«  in  anch  rooka.  It  ia  aometlmei 
fonnd  in  geodes  in  trap;  and  also  in  sandstone  adjoining  trap  dikes,  where  it  has  been 
formed  by  metamorphiam  through  the  heat  of  the  trap  at  the  time  of  its  ejection.  It  alM 
oocuTB  at  times  in  nodules  in  different  quartx-roiks  or  altered  sandstones.  It  ia  associated  . 
often  witii  qnartz,  pyroxene,  feldspar,  axinite,  oblorite,  etc,  in  the  Piedmontese  Alps. 

Beantifal  ciyatalliutions  come  from  Boarg  d'Oiaana.  Ala,  and  Traversello.  in  Ptedmtmt , 
ZennatL  and  elsewhere  in  Switierland;  Monioni  in  the  Fowathal ;  tbeUutersiilzbachtihaland. 
Sillcrthal  in  the  TyroL 

111  N.  AmeiioB.  oocnis  in  Mat*.,  at  Chester ;  at  Atliol ;  at  Ooma.     In  Conn.,  at  Hs4da«a, 

r.,i„-:.^.>)i.^i^ 
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In  K  Tori,  tit  Amity ;  neu  Honnw.  Orange  Co. ;  at  Wanriok.     In  2f.  Jerteg.  %\  FnmUlB 
In  Pmn.,  at  E.  Bradfoid.     In  Miehisan,  in  the  Lake  Sapeiior  r^ou.    la  Canada,  ftt  8b 

FlKnuOMTITB  (Hanganepidot,  Oarm.).—k  mangonsM  epidote;  fannnla,  H,CaiIttS>>0,*, 
witli  It  principally  Mn  (alao  iU,Fe).     Color  iieddisli -brown.     Bt.  Uaroel,  Aoata  nlley,  Pied- 

ALLAKITB. 

Monoclinic, iaomorphouB  with epidote.  C^  89°  1';  OAl-i  =  122°  50^', 
t-2  A  i-2  =  63°  58' ;  c  :  b  :  a  = 
0-483755  :  0-312187  :  1.  Crjatala 
either  tthort,  flat  tabular,  or  long 
and  Blender,  eotnettinea  acicnlar. 
TwiiiB  like  those  of  epidote.  Cleav- 
age: i-i  in  ti-at^cB.  Also  inaGsive, 
and  in  angular  or  rounded  grains. 

H.=5-5-6.  Q.=30-4-2.  Lustre 
eubinetallic,  pitchy,  or  resinoun — 
occasionally  vitreoue.  Color  pitch- 
brown  to  black,  either  brownish,  greenisli,  grayish,  or  yellowish-  Streak 
flray,  Bometimes  slightly  greenish  or  brownish.  Snbti-ansliiceiit — opaque. 
Fracture  uneven  or  subcouchoidal.  Brittle,  Double  refraction  either  dis- 
tinct, or  wanting. 

"Var.—AUanim^Cerine).  In  tabnlar  oTTstala  or  pUtao.  Color  black  or  brownish-black. 
Q.=3'SO-3'0S ;  foand  among'  speoimeos  from  East  Qreenland,  brought  to  Scotland  by  C. 
Gieseokd.  Buddandite  ia  a^tjdroisB  allanite  in  amall  black  cryBtAla  front  a  mine  of  mogaetita 
neat  Arendal,  Norway.  Boerrad  here  by  r.  Rath  on  the  ground  of  the  angles  and  phyaical 
choractera. 

OrtAiU.  Indnding,  in  its  original  nae,  the  slender  or  acicnlar  ptinnatio  cryttals,  often  • 
toot  long,  containing  eome  water.  Bat  these  graduate  into  inosBiTc  forma,  and  some  orthitca 
are  anhydrous,  or  as  neorl;  so  as  much  of  the  allanite.  The  name  is  from  ipe6i,  ttraight. 
The  tendency  to  alteration  uid  hydration  may  be  due  to  the  Hlendemess  of  the  crystals,  and 
the  oonseqnent  great  eipoeure  to  the  action  of  moistuie  and  the  atmosphere.  IL  =6-0. 
G.  =3'80-i('75.     Lustra  vitreons  10  greasy. 

Oomp. — Not  altogether  certain,  as  analysee  vary  considerably,  some  Rbowing  the  presencv 
of  ooDsiderable  water.  According  to  Eommelsberg  the  Q.  ratio  for  bases  to  silicon  :^  1  :  1 
(epidote=l^  :  1).  Allanite  has  then  the  gamet  formula,  B,{tBi]0,].  where  B=Ce(La,Di), 
Pe(Mn),  Ca(Mg),  and  occasionally  T,Nai,K,,  etc.;  H^AlocFe.  AnalyBis,  allanite  (Bamm.), 
Prodritoiaab,  SiO,  33-78,  AlO,  14-03,  FeO,  0'36,  FeO  1303,  CeO  12-03,  LaO(DiO)  5  07,  Cirf) 
12-18,  HjO  1-78=100, 

Pjrr^  etc.— Some  varieties  giro  water  in  the  closed  tube.  B.B.  fuses  easily  and  swells  Dp 
(F.=3*6)  to  a  dork,  blehby,  magnetic  glass.  With  the  fluxes  reacts  for  iron.  Most  Torietita 
gelatinize  with  hydrochloric  acia,  bat  if  pceviouBly  ignited  are  not  deoamposed  by  acid. 

Oba, — OcoaiB  in  alhitic  and  common  feldspathiu  granite,  syenite,  xircon- syenite,  porphyry , 
white  limestone,  and  often  in  mines  of  magnetic  iron.  AUanUe  occais  in  Gre^ond ;  at 
Criffel  in  Scoi'and  \  at  Jotnn  Fjeld  in  Norway ;  at  Snarum,  near  Dresden  ;  near  8chmieil«- 
teld  in  the  TbQnngerwaJd,  Ctrine  occurs  at  Bostniis  in  Sweden.  Orthite  occurs  at  Finbo 
and  Ytterby  in  Sweden;  also  st  Ersgeriie,  etc.,  in  Norway  ;  at  Missk  in  the  Ural, 

In  Mail.,  at  the  Bolton  quarn'.  bi  Conn.,  at  Haddam  In  JV.  York,  Morioh,  Essex  Co.; 
■t  Uonroe,  Orange  Co.  In  N,  Jeriey,  at  Franklin.  In  I'^ta.,  at  K  Bradford  in  Chester  Co. ; 
Bt  Easton,     Amherst  Co.,  Ta.     In  Canada,  at  St.  Paul's,  C.  W, 

Hdrohontitb  and  Bodenftb  from  Marionberg,  Saxony ;  and  UiCHAEiJONiTK  from 
Bi«*ig,  are  minerals  related  to  allanite. 


OrthorLombic     /a/=  116'  40',  OAl-i  =  131"  U";  o  :  i  :  d  =  1-U93 
;  l'6212ii :  1,     Crystals  lengthened  in  the  direction  cd  the  vertical  axia.  and 
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vertically  deeply  striated  op  furrowed.     Cleavage:  i-i  very  perfect     Com 
mooly  in  erjaUlliiie  inasees  longitudinally  fiiirowed. 
Also  compaet  massive. 

H.=6-6-5.  G.=311-3-38.  Lustre  pearly  on  i-i; 
vitreoufl  on  surface  of  fraetui-e.  Color  grRjisli-wliite, 
pp-ay,  yellowish,  bi-own,  greenish-gray,  apple-gi-een ; 
also  peac;h-til[«6om-red  to  rose-red.  Streak  mieulot'ed. 
Ti-ansparent  to  siibtransluccnt.  Double  refiaction 
feeble,  optio-axial  plane  i-i;  bisectrix  positive,  tionnal 
to  i-i ;  DesCl. 

Var. — LiuB-ZoisiTB.  1.  Onftnory.  Oolors  gnj  to  white 
Kud  brown.     2.  Jimt-red,  Oi  TAuUte.     ti.=3-l^;  fragile;  diatuo- 

Um  tbroag,  eipea&Uj  in  the  direction  of  the  veTtictil  axis  ;  in  this 
directioD  reddiBh,  tiuiuiveree!;  colorless;  from  liorwaj,  Piedmont. 
fiiuuurite,  which  lonoa  with  imaiagdibe  theenphotideof  the  Alps,  ■  ■  ■ 

is  B  lime -soda  Eoidtie. 

Comp.— A  lime-epidote,  with  little  or  no  iron,  and  thus  diSering  from  epidote.  Q.  raCi.. 
SB  in  epidote,  H  :  C&=1  :  4,  and  Ca  :  H  :  Si  =  4  :  8  :  13.  whence  the  formnla  H^Ca.KiSiiO,.. 
AnaljBd*.  Ramm.,  Goshen  (G.  =  3-341)  SiO,  40-O0,AlO,  30  87,  FeO,  ZiH.  CaO  2301,  MgO 
0  40,  H,0  2'36=e9  83.  The  amonnt  of  iron  sesquioiide  varies  from 0  to 8-33  p.  a.  ;  if  much 
more  is  prenent.  amonntiog  to  a  sixth  atomicoUy  nf  the  protoxide  baaes,  the  compound 
ajipears  to  take  the  moaodimo  form  of  cpidato,  instead  of  the  orthorhombio  of  zoisite. 

P3rr.,  etc.—B.B.  swella  np  and  fnses  at  8-3  0  to  a  nhite  blebbj  mnKa.  Not  de»>mposed  bj 
atnd  ;  when  previoaalj  ignitisd  gelatinizes  with  bydrochloiio  aoid. 

Obi — Oocurs  at  Suoolpe  in  Corintbia ;  Baiceuth  in  the  t'ichtelgobiive ;  St«nins,  Tyrol ; 
LakeOeneva;  3chwanwald;  Arendal,  eto.  In  the  United  States,  fomu  in  Vermont,  at 
Willsboro  and  Montpelier.  In  Matt.,  at  Ooshtin,  CbesterBeld,  etc.  In  Penn.,  in  Oboater  Oo.; 
at  Unionville,  white  {Unioiiilt).     In  Trinn.,  at  the  Ducktown  copper  mines. 

Jadeitb  is  one  of  the  kinds  of  pale  green  stonf^s  uwd  in  China  for  making  omamenta.  uul 
pas.iin^  nnder  the  general  name  of  jade  or  uephtite.  Hr.  Pumpelly  remarks  that  tho  fettm* 
la  perhaps  tbe  moat  priied  of  all  stones  among  the  Chinese.  In  composition  mainly  »  nlic^ia 
of  alaminnm  and  sriditim.     lo  its  high  speciSo  gravity  like  loielte. 

Gadolinitr.— Honoclinic  |DesCl^  Color  greeoish-black.  Containsyttriam.  oerinm,  and 
ganerally  beryllium;  thougli  the  last  ii  sometimes  lUtsent,  through  alteration  (DeaCL). 
Sweden  ;  Greenland  ;  Norway. 

MOBANDBITB. — A  silicate  containing  titanium,  oerinm,  and  oalclom.     Btevig,  Norway. 


IltTATTB.    Lievrite.     Temt& 

Orthorhombic.    7a/=112''3S',  OaM  =  146°  24';  c  :  4  ; 
1-5004:1.     OAl  =  I41''24',  (3a2-1:=138'' 29".    Lateral 
faces  usually  striated  longitudiiia11y>     Cleavage:  parallel 
to  the  longer  diagonal,  indistinct.     Also  columnar  or  com- 


ff^^ 


H.=:5-5-6.  G-.=3-7-i'2.  Lnstre  snbmetallic.  Color 
iron-black,  or  dark  grayish-black.  Streak  black,  incliuing 
to  green  or  brown.     Opaque.     Fracture  uneven.     Brittle. 

Oomp.— Q.  ratio,  for  B+H  :  Bi  :  H=9  :  8  :  1,  and  for  bases,  including 
hydrogen,  to  silicon  0  :  4  (Stfideler).  Sipdox  by  the  analysis  of  entirely  , 
unaltered  orystals  (Q.=4'037)  from  Elba  confirms  the  condnsioaB  of 
Htiideler  in  regard  to  the  presenoe  of  chemically  oombmed  water,  and 
adopts  tbe  same  formula,  Tii.:~HtCa,Fe,fi^»i,0,,.  This  requires: 
Silica  29-34,  iron  seaqnioiide  19-GG.  iron  protoxide  3521,  lime  13-69, 
water  2-80=100;  manganese  protoxide  is  ^so  sometimea  present  in  ■mall  quantities  Ram 
m<>Uberg  ooniidered  tbe  water  as  due  to  alteration. 


^t^ 


..,1,^ 
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DiBOBipnTS  tasxRALoar 


P7T^ato.~-B.B.  fuae*  quietly  at  9  S  ton  black  magaetio  bead.  With  the  flnxM  i«acti  fol 
iion.    Bome  Tarietiu  give  alao  ■  naotion  lot  mangaueae.     Qeladnue*  with  hydrochloria  aoid. 

Oba.— Fonnd  in  Elba,  and  at  the  miae  of  Teiapeiiao  in  Totoany.  AIm  at  Poamm  and  at 
Bk«eii  inKoTway;  in  Siberia;  near  Andreaab«rg  ;  neaiFiedauo,  Tytol;  at  Sobneebeig ;  •! 
HebniD  in  Naaaan ;  at  Knnjfeidlaanak  in  Oroenland- 

Beport«d  m  fonnerl;  touod-at  Gomberland,  B.  I. ;  atooatlClk  Bowqnar^,  ScmerTllIe, 

AiiDEinfiTB  (Dewalqnita). — N'ar  ilvaite  in  form.  Habit  pTlsmatio;  vertioallT  atilatad. 
Compoaition  given  by  the  annlysea.  Lasnnlz  and  Bettendorf,  SiOi  2S-60,  AlO,  88'BO,  MnO 
S5'88,  FeO,  t'tlS,  CaO  1'81,  MgO  8'38,  T,0>  d-20,  ign.  404=»9'0e.  Color  dark  roein-brown. 
In  thm  aplintera  truupatent.  Other  Tarietiei,  at  a  bright  Bolpbur-yellow  oolor  (bnt  opaqna 
and  dnil),  contain  aiaenio  (9'S3  p.  o.  Aa,Ot)  in«t«ad  of  Tanadinm.  Between  theae  two  ei- 
tretnsB  am  a  aeriea  of  componndii  containing  both  axMaio  nnd  vamLdinm.  Laaanlx  r^aid* 
the  anenlo-ardennite  as  having  come  from  the  other  through  alteration.  Locality.  Ottrexia 
the  Ardfitnca,  Belglain.     Bobcoelttb  (p.  807)  ia  another  ulioate  ooutoining  miadinm. 


■f 


TridiDic.  Cryatals  nsnallv  broad,  and  ocnte-edged.  Uakine  m  =  O, 
P  =  'I,u-2',a  (brachyd.) :  h  (maci-od.) :  c  =  0-49266  : 1 :  0-45112.  Cleav 
•ge:  i-i{v)  quite  distinut;  in  otlier  dii-ectlona  indistinct.  Abo  tnafisive, 
lamellar,  lamelleB  often  curved  ;  sometimes  granular. 


Danphiny. 


DanpUny. 


H.  =6-5-7.     G.=S-271,  Haidinger;  a  Cornish  specimen.     Lusti-e  highly 

flasey.  Color  clove-brown,  plum-bine,  and  peart-gray ;  exliibits  trichroisin, 
ifferent  colors,  as  cinnamon-bi-own,  violet-blue,  olive-green,  being  seen  iu 
different  directions.  Streak  uncoloi-ed.  Transparent  to  enbtianshicent. 
Fracture  condioidal.  Brittle.  Pyroelectric,with  two  axes,  the  analogue  (L) 
and  antilogue  (T)  poles  being  situated  as  indicated  iu  f.  55S  (G,  Eosc). 

Oomp. — Anolywa  vary.  If  it  contains  I  p.  o.  water  (Ramm.).  and  if  B,  replooea  At,  tbea 
It  la  a  nnixilicate  with  the  formula  R,R,Si.Oi„  B=Fe,Mii.Ca.Hg,  and  K„  while  fl=B„AI 
CD,  :  *\  =  l  :  2).  AnB].Tsia  (RfiTnm.),  Oisans.  Danphinfi.  SiO,  43'4e,  B.O,  501.  AlO,  10-33, 
Frt,  280,  FeO fl-78.  Md0  2-«3.  CuO 30  19.  MgO  1  73,  K,O0-ll,  H,0  145=101-08. 

Pyr^  ato. — B.B.  fnaea  readily  with  intnmeBoence.  iwpnrti  a  )»le  green  color  to  tie  O.F,, 
•ad  fuse*  at  8  to  a  dark  green  to  black  glassj  with  borax  In  O.F,  gives  an  amethyatine  Dnad 
},  which  in  B.F.  beoomea  yellow  (iron).    Fnaed  with  a  mixtnie  of  potoBainm  bisiil- 


..,1,^ 


H^ 
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phato  aud  Onar  od  the  platinDin  lonp  ookin  Uie  flame  green  (boron).  Sot  deoompoaed  by 
•aida,  bat  when  previously  ignited,  gelatiniiei  with  hydrooblorio  ooid. 

Oba.— Axiuite  occara  aeni  Boorg  d'  Oistms  in  Danphiny  ;  at  Santa  Haria,  Switietlond ;  at 
Kongabeig  ;  in  Normark  in  Sweden  ;  in  Cornwall ;  iji  Devonsbite,  near  Tariatook ;  at  E^pa- 
barc,  Maine ;  at  Wales,  Uaine  ;  at  Cjld  Spring:,  S.  T. 

Dambdrite.*— Triclinia  CaB,3i,0,=  8ilioa  48-8,  boron  trioxide  2S-5.  lime  23-7=100. 
Oonua  with  f  eldami  in  imbedded  massei  of  yellow  ooloi  in  dolomite,  at  Danboiy,  Ct. 


XOUTB.    Cordierite.    Diohndte. 

Orthorhombic,     In  stout  prisms  ofteu  hexagonal.     /A  /=  119° 
60°  50',  0  A 1-1  =150"  49'.     Cleavage :  i-i  distinct ;  i-i 
and  0  indistinct.     Oryetala  often  transversely  divided 
or  foliated  pamllel  with  0.    Twins :  twiuning-plane 
I.     Also  massive,  compact. 

H.=7-7-6.  G.=2-56-2-67.  Lnstre  vitreous.  Color 
various  shades  of  blue,  light  or  dark,  smuky-blne  ;  pleo- 
chroic,  being  often  deep  blue  along  the  vertical  axis, 
and  brownish-yellow  orjc  Ho  wish-gray  perpendicular  to 
it.  Streak  uiicolored.  Transparent — translucent  Fi-ao- 
tare  subconchuidal. 

Comp,^ — Q.  ratio  tor  bases  and  ulioon  4  :  S  oi  1  :  1}-.  The  itate  of  oxidation  of  the  iron  li 
atiii  unaaoertiikined,  and  henoe  thaie  ia  unceTtointy  oa  to  the  pioportion  between  the  protoxide! 
and  aesqniozideB.  The  ratio  QKnally  deduced  for  E  :  ^  :  Si  is  1  :  !)  :  5.  The  formula  R,{l,!Si, 
Ok,  which  coireaponds  to  this  ratio,  =,  if  B^Mg-.Fe  and  Mg  :  Fe=3  :  I,  Siiloa  491, 
^nminaaS'Q,  mBgnesiaS'S,  iron  protoxide  7-9=100. 

Pyr,,  etc — B.B.  loses  transparency  and  fuses  at  5-S'S.  Only  partially  decomposed  t^ 
•clda.    Deoompoaed  on  foilon  with  alkaline  carbonates. 

Obi,— loliteoconrs  in  granite,  gneiss,  homblcndia,  chlorite  and  hydro-mica  s^^hist,  and  allied 
tooka,  with  qoartz.  orthoclase  or  olbibe,  tonrmaline.  hornblende,  nndalnaite,  and  sometimes 
beiyl.  Also  rarely  in  Tolcanio  rockn.  Oocars  at  Bodenmaia,  Bararia;  at  Ujoidleraoak  in 
ftreeniand  ;  at  Erageroe  in  Norway  ;  Tanaberg  in  Sweden;  LakeLaaoh.  AtHaddam,  Conn.; 
■t  Brimfleld,  Mass.;  also  at  Richmond,  H.  U. 

Alt. — The  alteration  of  iolite  takes  place  so  readily  by  ordinary  exposoxe,  that  the  mineral 
is  moat  commonly  foand  in  an  altered  state,  or  enaloeed  in  Che  altered  iolite.  For  the  div 
tingnidilng  oharaoters  of  the  di&erent  ki^  o(  altured  iolite,  aee  Plniik,  Fahldkits, 
etc.,  ondei  H^DttOUB  Silicates, 


.  Oroup* 


The  minerals  of  the  Mtca  group  are  alike  in  having  (1)  the  prismatic 
angle  120° ;  (2)  eminently  perfect  basal  cleavage,  affoi-ding  readily  very 
thin,  tough  laininsa ;  (3)  (Kitaah  almost  invariably  among  the  protoxide 
boees  and  alumina  among  the  sesqiiioxide;  (4)  the  crystallization  approxi- 
mately either  hexagonal  or  orthortiombic,  and  therefore  the  optic  axis,  or 
optic-axial  plane,  at  right  angles  (or  nearly  so)  to  the  cleavage  surface. 

Bodiam  ia  eparin^y  present  In  soma  mioas,  and  is  cbaraoteristio  of  the  hydroos  epediM 
par^onite  (p.  854).  Lithium,  rubidium,  and  cssaium  occoi  in  lepidolito,  and  lithium  in  som« 
btotite  Fluorine  is  ofLen  present,  probably  replacing  o^gen.  Titanium  is  found  apaiinriy 
in  BeToml  kinds,  and  is  a  prominent  ingrediciit  of  one  species,  astrophyllite.  It  is  nsoMlf 
regarded  aa  in  the  state  of  titanium  dioxide  replacing  silioa ;  but  it  ia  here  nwde  bMia 
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The  apedea  of  the  TDca  gimp  giadoate  into  the  hydrons  miou  of  the  MarKuodite  gtaap 
(p.  331) ;  and  tiuongh  these  the;  also  approach  the  foliated  BpedaB  of  the  Taio  and  OUoritV 
groups,  e^eciaUj  the  latter. 

PHLOOOPTTB.*  ^ 

Orthorliorabie.      I A  1=120°,   and   habit  hexagonal.      Prisms   nsimllji 

oblong  six-sided  prisms,  mora  or  less  tapering,  with  iiregirlar 

sag  Bides ;   rarely,  wlieii   small,  with   polished   lateral   planes. 

Cleavage  basal,  highly  einiuent.     Not  known  in  compact 

massive  foims. 

H.=25-3.  G.=2-78-2-85.  Lnstre  pearly, often  sub- 
metallic,  on  cleavage  snrface.  Color  yellowish- brown  to 
brawnish-i-ed,  with  often  spmething  of  a  coppei'-Iike  reflec- 
tion; also  pale  brown  ish-yelluw,  green,  white,  colorless. 
Transpai'eiit  to  translucent  in  thin  folia.  Thin  lamina) 
tough  and  elastic.  Optical-axial  divergence  3°-20°,  rarely 
leas  than  5°. 

Oomp. — The  bases  include  magnesinm  and  little  or  no  iron.  Q.  ratio 
B  :  Si=l  :  1.  Formula  probably  (Ramm.)  E,Mg,AlSiiO,,=Silioa  40-73, 
oluoiiiut  ISiti,  amgaeMig,  3257,  potash  13'77=1('0. 

Pyr.,.  eto.— In  t£e  closed  tube  gives  a  little  water,  fiome  varietiea 
give  the  reaction  for  fluorine  in  the  open  tube,  wbile  moitt  give  little  or 
no  teaotion  for  iron  with  the  Haxes.  B.  B.  whitens  and  fu<ieB  on  the  thin 
edges.  Completely  decomposed  by  solpburio  ooid,  leaving  the  silica  in 
Ui£i  scales. 
OIm> — Phlof^ite  is  especially  cttarocteristio  of  serpentine  and  crystalline  limestons  or 
dolomite. 

Oocnrs  in  limestone  in  the  Tosges.  lucludea  probably  the  mica  fonnd  in  limestone  at  Alt- 
Kemnitz,  near  Hirschberg  ;  that  of  Baritti,  Broiit.  of  a  golden-jellovr  color,  having  the  optical 
angle  H"  80'  and  parallel  to  the  sbortcr  diagonal  (Orulichj ;  and  a  brown  mica  from  limwtoaa 
of  Upper  Hungaiy,  affording  Grsilich  the  ang'le  4  -5°. 

Occurs  in  New  York,  at  Uouvemenr ;  at  Pope's  Hills,  St.  Lawrence  Oo.  ;  at  Edwards ; 
Warwick;  Natural  Bridge;  at  Sterling  Mine,  Uorris  Co.,  N.  J.  ;  Newton,  M.  J.;  at  SL  Je- 
rome, Canada ;  at  Bargess,  Canada  West. 

AspiDOLrrB  (v.  Eobell).  — Approaches  in  oompoeition  a  soda-ph]ogopit«.  Green.  Foliated. 
ZUlerthal.  Tyrol. 

HANG ANO PHY LLrrB.—Q.  latio  for  E  :  R  :  81=3  :  1  ;  4  (nearly).  Foliated  like  the  micaa. 
Oolor  bron«e-red.  Analysis,  Igelstrom,  SiO,  38-50,  rtIO,  H'OO,  FeO  379,  MnO  31W,  CaO 
8-2D,  MgO  IS'Ol,  E,OiNa,0]  A'Sl,  ign.  1-G0=I00.    Paisberg,  Sweden. 


Hexagonal  (?).    IiAli  =  62°  57' (crystals fr,  Vesuvins,  Hesaenbcrg);  c  = 
4*91112lj.     Habit  often  mououliiiic.    f*iisins  commonly  tabular.    Cleavage : 
basal  highly  eminent.     Often  in  disscminatod 
scales,  sometimes  in  massive  aggregations  of 
cieavable  seales. 

IL=:2  5-3.  G.=2-7-3-h  Lnstre  epleiiclent, 
and  more  or  less  pearly  on  a  cleavage  surface, 
and  sometimes  Bubmetallic  when  black;  lateral 
surfaces  vitreons  when  smooth  and  sbiniDg. 
C<)lor3  usually  green  to  black, often  deep  black 
in  thick  crystals,  and  soriietinies  even  in  thin 
lamiuaa,  unless  the  lamioGe  are  very  thin ;  such 
U)in  laiuiiuB  gi-een,  blood-rcd.  or  brown  b<  transmitted  tieht :  rarely  whiter 

r.iiii^---;.  >^  it.n.i>,;n^ 
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Streak  aiicolored.  Ti-anspareut  to  opaqae.  Optically  Dniaxial.  Some- 
times biaxial  mth  slight  axtal  dlvergeDce,  from  exceptional  iri-egularitieS; 
bat  the  aii^le  not  ex(;ee(liDg  5°  and  seldom  1°. 

Oomp.,  Var. — Biotite  is  a  magne^-iion  mioa,  port  of  tlie  alniaiiiain  (M.)  bein^  replaeai 
t^irouCPe),  and  Fe  and  Mg  exiBlms  amons  the  protoxide  buses.  Blockiathe  prevailing  color, 
but  brown  to  white  also  oocor.  The  resnlta  of  analyaea  varj  muoh,  and  for  the  rea-on  already 
■(at«d — the  Qon- determination,  ia  most  oasee.  □(  (he  degree  of  oxidation  of  the  iron ;  and 
the  exact  atomic  ratio  for  the  Bpeoies  and  Ita  limitd  of  Tariation  are  therefore  not  preoisel; 
DTidergtooil.  The  Q.  TBti6  of  bifes  to  ailioon  is  generally  1  :  1,  that  is  the  foimola  in  geiianl 
BjSiO..  where  a=K.(Na,,IJ,)Pe,Mfr{Ca),  or  Al.Fe(3E=H). 

AnaifBea:  1,  BaUfelliaj  2,  Veauviiu;  S,  PoiUand,  Conn.: 

SiO,     AlO,   FeO.      FeO    GaO  MgO    K,0  Ka,0   LiiO    UfO 

(I)    85-53   17-08   3S-70     0-50   388    »-4fl    0-86     4-30=99-01,  HaiwhUm. 

(8>    40-91  17-79     a-OO     7-08    0-30         ID  0*  9-fl8 =98-03,  Oh^«w. 

(Si}aa-ei  20-03     O-IS  21-85    l-19MuO    S-33  9-60    0-92     003    1-87.  F 0  70,  TIO,  1'4S, 

Cltr.=0O-37,  Hawea. 

The  above  amdygea  girs  the  ratio  of  uniailioates,  when  the  water  ia  n^leoted ;  in  othen 
the  ratio  of  1  :  1  ia  obtained  onlj  when  the  water  ii  brought  into  acoount. 

Fyr^  etc.— Same  w  phlognpite,  bat  with  the  flaxes  it  giTes  itrong  reactions  for  iron. 

Oba, — A  ooinmon  oonstitnent  of  many  voloanio  roolca.  Fine  Bpecimens  obtained  at  Veta- 
TioB  i  L.  Baikal ;  Zillerthal ;  Par^oa ;  Miask ;  Sola.  Also  from  Ureenwood  Fomooe,  N.  T.^ 
Hoilab,  H.  T. ;  Baaton,  Petm. ;  Topaham,  Me.,  ato. 

The  biotite  of  TeBUTios,  acooiding  to  the  optical  examination  of  Hintia,  ia  tiumoolink. 
(See  al«o  Tachermak,  Hin.  Mitth.,  1876, 187.) 

LBPIDOUBIiAinE]. 

Hexagonal  ()).  In  small  six-sided  tables,  or  an  aggregate  of  minute  Bcalea. 
Cleavage :  basal,  eminent,  as  in  oCber  miuas, 

H.=3,  G.=3-0.  Lustre  adamantine,  inclining  to  vitreons,  pearly. 
Color  black,  with  occasionally  a  leek-gi-een  reflection.     Slreak  grayisn- 

rn.     Opaque,  or  ti-ansliicent  in  very  tnin  lamiuso.     Somewhat  brittle,  or 
little  elastic.     Optically  uniaxial;  or  biaxial  with  a  very  small  axi^ 
angle. 

Oomp. — An  ir<ni-patiuh  mka,  (j.  ratio  for  bases  and  ailioon  1:1;  for  B  :  B.  mostly  1  :  8, 
bat  varying  to  1  to  more  than  8 ;  of  doabtfol  limits,  on  acooant  of  tbe  doubta  as  to  the  atata 
of  the  iron  in  most  of  the  analyses.  Differs  from  biotite  in  the  Emallsr  proportion  of  t»ot- 
'  oxides  and  little  Al  and  Mg,  bat  appears  to  agree  with  it:  in  optdoal  cborooters. 

Prr,,  eto — B.B.  at  a  red  heat  becomes  ^own.  and  fuses  to  a  black  magnetic  globole. 
Easily  decomposed  by  Ityi^rochlorio  acid,  depositing  silica  in  scales.  Analysis,  Cooke.  Bock- 
port.  Mass.,  SiO,  30-01,  AlO,  1873,  FeO,  1207,  FeO  17-48,  HnO  0-31,  MgO  002,  K,0  lOitd, 
S»:0(LijO)  0-89,11,0  150,  F04G=100. 

Obs. — Occors  at  Petsbecg  ia  Wermland,  Sweden  ;  at  Abborf  orss  in  Finland ;  in  Ireland,  In 
Donegal  and  Leinstei  Cos.  ;  at  Bollyellin.  etc     From  Oape  Ann,  Uass.  (An?ute). 

AaTKOFitrLLlTK. — Usaally  in  tabular  prisms.  Color  bronze-y allow.  Analysis,  Piaaol,  SIOi 
8323,  TiO,  7-8B.  AJO.  4-33.  PeO,  4-05.  FaO  25-48,  MnO  10-70,  MgO  1-87,  (!aO  1-32,  Ks.0 
a-71,  KiOfi-W,  H,O3-01=09-03.     Brevig,  Norway ;  El  Paso  County,  Colorado. 

MUSOOrrrXI.    Kallglimmer,  Oenn.* 

MimoQlinie  (Tscliermak).  Ta  1=120°.  Cleavage:  basal  eminent, 
occasionally  a^so  separating  in  fibres  parallel  to  a  diagonal.  Twins:  often 
observable  by  internal  markings,  or  by  polarized  liglil ;  composition  pai-allol 

n  .J  ii/j'- ■;■-  V-  it.n.i>,;n^ 
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to  ^  consiatinj^  of  six  individualB  thiiB  united  ;  sometimes  a  nnion  of  /  'r 
a.  Folia  often  aggregated  in  Btellate,  plumose,  or  globular  forme ;  cr  a 
Boatea,  and  Bcaly  massive. 


H.=3-2-5.  G.=2-75-8'l.  Lustre  more  or  leas  pearly.  Color  white, 
graypbrftwn,  hair-brown,  pale  green,  and  violet,  yellow,  dark  olive-greeu, 
rarely  roee-red ;  often  different  for  ti-ansinitted  mid  I'eflected  light,  and  dif- 
ferent also  in  vertical  and  ti-ansverae  directions.  Sti'eak  uncolorcd.  Trans- 
parent to  transhicent.  Thin  laininee  flexible  and  elastic,  very  tough.  Double 
refraction  strong ;  optie-axial  anglo  44°- 78° ;  the  axial  plane  makes  an  angle 
of  88°  W  (Tsuliennak)  with  tliu  base. 

Oomp.— The  qnantiTolenl  latlo  for  bMes  and  aJlicon  U  geneiaUf  4  ;  S  (1.  1}),  toruIyS  .  4, 
•to>  Water  U  KeneiuU/  preaent,  Bometliiiea  as  mnoh  m  5  p.  o,;  and  tbe  kinde  contaiolng 
from  8  to  5  p.  o.  water  have  been  lefened  to  th«  speeieB  mnrgarodite  [p.  353]l     U  the 

water  m  legaided  oa  ohemioallf  combined,  that  Li,  as  botio,  tlie  Q.  latio  for  E  :  B  i  Si  it  then 
=1  : 3  : 4  (R :  Si=l  :  I),  also  1  :  6  :  8,  1  : 3  :  4,  1  :  3  :  0,  eto.  R  here  la  potaniam  (K) 
moett?,  bat  also  hydrojfen  (H).  H^aluminam  mostl;,  also  iron.  Flaorine  is  ofLen  present^ 
but  at  most  not  more  than  about  1  p.  o.  Anatyaia,  Smith  and  Brush,  Monroe,  Ct.,  SiO,4(f  50, 
410.  SaOl.  li^O,  a'OO.  Mi{O0-90  Na,Oa-70,  K,0;-32,  H,0  4-63,  POlia,  CI  0'ai=UU-78. 

Pyr.,  etc. — In  the  closed  tube  gives  water,  whioh  with  braidl-nood  often  reacts  for  tluorine. 
B.B.  whitens  and  fuses  on  the  thin  edges  [F.  — B'7,  v.  Kobell)  to  a  gray  or  yellow  glan.  With 
flaxes  gives  reactions  for  iron  and  BOmetimes  manganese,  rarely  ohrominm.  Ifot  deoompoaed 
bf  ooida.     Decomposed  on  foaicn  with  alkaJIne  oarbonates. 

Oba. — Muscovite  is  tbe  most  oommon  of  the  mioaa.  It  is  one  of  the  oonetituents  of  granite, 
fpieise,  mica  ectust,  and  other  related  looka,  ood  is  oocasionally  met  with  in  granular  lime- 
atone,  tmchj'te,  basalt,  lava;  and  oocors  also  diaaemiiiated  sparingly  in  many  fragmental 
locka.  Coarse  lamellar  a^regatloua  ofteu  form  tbe  matrix  of  topax,  tourmaline,  and  dthei 
minernl  species  in  granitic  Teina. 

Bibeiia  affords  lamime  of  mica  sometimeB  exceeding  a  jaid  In  diameter-  and  other  remark- 
able foreign  localities  ore  Finbo  in  Sweden,  and  Sknttnrud  in  Norwi^.  FveiitiU  or  chromivm 
mjoa  oocura  at  Greiner  in  the  Ziliertlial,  at  Paaseji  in  tbe  Tyrol,  and  on  the  Dorfaei  Alp,  aa 
well  aa  at  Sohwaraenstein. 

In  N.  Hamp. ,  at  Aowortb,  Oraftra,  etc.,  in  granite,  the  plates  at  times  a  yard  across  and 
perfectly  transparent.  In  Maine,  at  Paris ;  at  Buckfleld.  In  Maat. ,  at  Chesterfield  \  at  Qoahen. 
In  Ooan..  in  Portland;  near  Hiddletown.  In  N.  York,  near  Warwick;  Edenville  ;  ia  Um 
town  of  Edward*.  In  Pean.,  at  Pennsbai? ;  at  TnloDville ;  Delaware  Co.,  at  Hlddietown. 
In  J^nyiand,  at  Jouos's  Falla.     In  western  North  Carolina,  where  it  ia  mined. 

UIPII>OIinXL*  Tiit^t»  Hioa.     LitbiongUnuner,  Otrm, 

Orthorhoinbio.     /a  7  =120°.     Forms  like  those  of  miiscovite,     CleaT* 
age :  baaal,  liighly  eminent.     Also  massive  scaly-granular,  conr&e  oi  iine. 
H.=2-5--4.     G.=2S4-3.     Lustre  pearly,     Color  roee-red,  violet-gray,  o/ 
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lilac,  jellowiah,  graviah-white,  wbite.      Translucent.      Optic-axial   angle 
70°-78° ;  sometiinea  ^A'-fiO". 

Oomp> — Q.  ratio  for  baae*  and  Bilioon  maatlj  1:11;  and  lor  S :  K  i  K=l  :  S  :  G,  or  1  :  4 
;8;  the  formnla in  the  Utter  caM  is  RiAl,Sli^Oit.  E  inchidea  potwsiom,  sIbo lithiom, 
lubidiam,  aDd  oaunni ;  and,  in  the  Zinnwold  miea,  UialUum  has  been  detected,  Plnorine  ii 
tneaent,  and  the  ratio  bo  oxygen  mostly  1  :  13.  Analysis,  Beuter,  from  Eozena,  SiOi  SO '48, 
MO,  i8tyi,  UdO,  0-88.  1/tgOlASS,  K,0  10-50,  Na,0  1'46.  Li.O  1-23,  F  4'8il=e8-Sl. 

Pyr.,  etc.— In  the  olosed  tube  gives  vuter  and  reootioa  for  iluorine.  B.B.  fuses  with  in- 
tomesceooe  at  'i-2'o  to  a  white  or  grayish  gloss,  sometimes  magnetic,  coloring  tha  Same 
purplish-red  at  the  moment  of  fusion  (lithia).  WiQi  the  Duxes  some  faneties  give  reaetioni 
tor  iron  and  manganeee.  Attacked  bat  nob  oompletei/  decomposed  by  acids.  Aftei  fusioo, 
geUtiiiiEf  s  with  hydiODhlorlo  aoid. 

Oba^ — Ocoun  in  granite  and  gneiio.  especially  in  gtanitic  veins,  and  is  ataociated  some- 
times with  caBsiterite,  red.  green,  or  black  tonrmaline,  amblygomte,  et&  Found  near  VtS 
In  Sweden  ;  ac  Zinnwald  in  Bohemia ;  Penig.  etc.  la  Saxony ;  in  the  Ileal ;  at  Hozena  in 
Hoiavia ;  on  Elba ;  at  St.  Michael's  Honnt  in  Cornwall.  In  the  Unibed  abates,  at  PoriB  and 
Hebron,  Me. ;  near  Middlebown,  Conn. 

Named  lepidolite  from  'jt^;,  leaU,  after  the  eorlisi  Qerman  name  SeJiupperuUiTi,  alluding 
to  the  scaly  Btmctare  of  the  masiTe  variety  of  Bowwig. 

Cb\-OPUVLLITE  (Cooke).— Q.  tatio  B  ;  fi :  S1=S  :  4  1 14,  witii  K=Fn,Ei,Li,(Ka,IUi,Cs,)i 
«nd  fi= AL  Ortborhombio.  In  Males  like  the  micaa.  Color  by  tranmibted  l^ht  emenld 
green.    OapeAnn,  Moio. 

Sot^lite  Qrovp, 

In  the  species  of  the  Stapolite  group,  the  quantivalent  ratio  varies  from 
1:1:^,  1 :  2  :  8,  1 :  3  :  4,  to  1:2:1  aiid  1 :  2  :  6i,  but  the  species  are 
ck»o]y  alike  in  the  eqiiai-e-prisinatic  forms  of  their  crystals,  in  tlie  small 
nmnber  aiitl  the  kinds  of  occurring;  planes,  and  in  their  angles.  The  species 
are  wliite,  or  gi-ayish-white,  in  eoTor,  except  when  impure,  and  then  rarely 
of  dark  color;  the  hardness  5-65.  (t.=2'5-2-8.  The  alkali-metal  present, 
when  any,  is  sodtuin,  with  only  traces  of  potassium.  An  increase  in  the 
unouut  of  alkali  Is  accompanied  by  an  increase  in  the  silica. 


Tetragonal :  O  A  1-t  =  156°  18' ;  c  =  0*439.    Sometimee  hemibedral  in 
the  planes  3-3,  the  alternate  being  wanting.     Cleavage :  i-i  ^^ 

and  /  i-atlier  perfect,  but  often  interrnpted. 

H.=5-5-B.  G-.=2'6-2-74.  Lustre  vitreons.  Colorlees 
to  white.  Transparent  to  tmnslucciit ;  often  much  ci-acked 
within. 

I 
Oomp.— Q.  ratio  for  B  :  ft  :  Sl=l  ;  2  :  8  ;  formnU B.R.Si.Oih  ItB=: 
Oa  :  Kai=lU  :  1,  and  I{=AI ;  tbid  is  equivalent  to  Silica  41 -O,  alnmina 
81-r,  lime  24  I,  soda  2'<t  =  l(KI.  Neminai  has  found  thnt  meionite  loses 
1  p.  a  water  at  a  vety  high  temperature,  no  that  Bmust  be  also  replaced 
by  H, ;  his  analysis  given  approximately  the  ratio  1:2:3. 

Pyr.,  etc.— B.B.  fuses  with  intaroesoence  at  Jl  to  r.  white  blebby  glon, 
Pnoomposed  by  add  withoui  gelatinizing  (v.  Bath). 

Ob«.— Ocoura  in  small  djstals  in  geodes,  tunollj  in  limestone  block*,  on  Mooto  Eomida. 
■ear  Naples. 

Culizo.r;vXJOOQlc 
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Tetragonal :  0  A  \-%  =  156"  14^' ;  6  =  0-439S.  Often  Iiemihedrfti  in 
planee  3-3  and  i-i  (p.  30).  Cleavage:  »->  and  /i-atbei 
dUtinct,  but  interrupted.  Also  masaive,  granular,  oi 
witli  a  faint  fibrous  appearance ;  Botnetiines  coliiir.iiar. 
ll.=5-6.  G.=2-63-2-8.  Lustre  vitreoos  to  pcarlj 
exteniallj,  inclining  to  resinous ;  cleavage  and  urosa- 
^autiire  surface  vitieous.  Color  white,  giay,  bluish, 
gieonish,  and  reddisli,  usnallj  liglit,  Streak  uiicoloi'ed. 
Transparent — faintly  sub  translucent.  Frauture  sub- 
con  ehoidal.     Brittla 

Oomp — Q.  ratio  for  K  r  H  r  Si=l  :  8 :  4  (E+R  :  8i=l :  1>; 
foTmaU  BSB],Oi=Ca(Ka,)AlSi,0,.  Analjau.  t.  Bath,  Paigaa,  SiO>  4C-4e.  MOt  SO'M,  OsO 
17-23,  Na,0  229,  K,0  1  m,  H,0  1-29=08-53.     Soma  varieties  tu7  widely  from  the  abore 

Pyr.,  stc— B.B.  fuBea  easilj  with  intnmeacenoe  to  a  grhite  blebbj  ^laaa.  ImperteoUj'  de- 
oompoeed  by  bydroohloiio  aoid. 

IXS. — Becognized  by  ita  Hquore  form ;  ruembles  feldspar  wb^a  maMive,  bat  has  a  charao- 
teriBtJc  fibrcos  appeoianne  dd  the  oUavoge  surface  ;  It  Is  also  more  foaible,  and  baa  a  highsi 
■peciBc  gravity. 

Obs. — OcoQiB  in  metomorphlo  rooka;  BometimpB  la  l)eds  of  magnetite  acoompanying:  lime- 
Ktoue.  Some  looalities  are :  Arendal.  Nornay;  Wermlond  ;  Paigfaa,  Finland ;  L.  Baikal,  eta 
In  t^e  follotring  those  of  tha  vemodte  and  ekebergita  are  not  yet  disCingnushed.  In  Jla**., 
at  Bolton ;  Westfield.  In  Conn  ,  at  Mooioe.  In  If.  York,  in  Warwick  ;  in  Orange  and 
Ehmx  Co.,  eta.  In  y.  Jeruy,  at  Franklin  and  Newton.  In  Caaadu,  at  Q.  Calomet  Id. ; 
at  Eunt«TBtoffn ;  Qrenrille. 

The  following  are  other  membeiB  of  the  soap  ilita  group; 

Sabcolite.— Q.   ratio  for   B  :  It :  Si=l  :  1  :  3.      In  minnte  fleah-red  ciyEtala  at   Mb 

PAi{ANTnrrB.--Q.  mtio^I  :  S  :  4  Erebeboitb.  Q.  Tatio=l  :  3  : 4},  oonbuning  0-8  y. 
0.  soda.  HizzoNiTs.  Q.  ratio^l  :  3  :  61-,  coutainiaglOp.  o.  soda.  InciyBtalaat  Mt.  Bomma, 
Dq-txe.  Q.  ratio=l  :  8  ;  S,  and  for  Ca  :  Ha,=l  :  1.  ALuiuLITE.  Q.  ratio=lia  :  S.UM 
for  Ca  :  Na,=l  :  3. 


IfephelitB    Oroiip. 


N^hdiiML 

Bfoxagonal.  0^1  =  135"  55' ;  6  =  0-839.  Usual  forms  six-sided  ami 
twelve-BJded  pHsine  with  plane  or  modified  sum- 
raita.  Fig.  669,  suinmit  planes  of  a  crystal.  Cleav- 
age: /distinct,  (9  imperfect.  Also  uiaseivc,  com- 
pact;  also  thin  colmnnar. 

II.=;5  6-6.      G.=2.5-2-65.     Lnstre  vitreous— 
-easy ;  a  little  opalescent  in  some  varieties.    Color- 
ss,  white,  or  yellowish  ;  also  wlien  massive,  dark- 
L;i-eeii,  greenish  or  blHisb-gray,  bi-owniali  and  brick- 
red.      Ii-aiiepai-ent — opatjuo.      Fracture   subuon- 
clioidal.     Double  refi-actiou  feeble;  axis  ueyafive. 

Tar. — 1.   Glavy,  or  Sommite.     Uanally  in  small  cijitah  M 

grains,  with  vitreons  liutre,  fiiet  found  on  Ht.  SommI^  In  the 
region  of    Veauvian.      DavgM  and   aaa^initt    belong   haia 
rajsUls,  or  massive,  with  a  grea^  luatn. 


Vesuvius. 

I.  Blaolite.    In  large  a 
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Oomph — Soiaowliali  nntwitain,  aa  al]  aae^jaea  gWe  a  Uttle  «soMa  of  m\iiM  beyond  what  i« 
nqnired  for  •  nniailioate.  Assamin^  ttuA  nepbelita  is  a  tnia  nnisilioate,  the  Q.  ratio  foi 
B:R:Si  =  l  :S  r  4,andUieforniulB  if  (NmE)i:jUSi,0>  <B«inm.);  some  of  the  Na,  bediig 
replaoed  by  Ca.  AeuOthui,  Scheeier,  VesaTinB,  SiO,  4403,  AlO.  193-28,  FeO.  (MnO,)  O-eiS, 
OaO  1-77.  Na.O  1344,  E,0  4-04,  H,0  0-3l  =  100-82.  The  Tariel?  BiaaiiU  has  the  un« 
oompoaitiaa 

Pyr.,  ate. — B.  B.  f osei  quietly  at  3  '6  to  «  colorleaa  glaan.     QelatinizeB  with  addh. 

T>iB, — Distiaguiahed  by  ila  gelaliaizing  with  iwidi  ttom  sonpolite  and  f aldspai,  as  also  from 
apatite,  from  which  it  diSera  too  in  its  greatei  hardnaas.  MaBSJTe  vaiietiea  have  a  ohaiaotei- 
Utio  greasy  lastre.  ' 

Ol^. — Nephelite  oooms  bath  in  ancient  and  modern  TolcAniQ  rockg,  and  also  metomorpUo 
rooks  allied  to  granite  and  gneiss,  the  former  mostly  .in  glassy  cryslals  or  graina  (tammita),  the 
Utter  masBive  ox  in  stout  oryt'tols  (daoUte).  Nepholite  occurs  io  arystall  in  the  alder  lavattlf 
Bonuna ;  at  Capo  di  Bore,  near  Home ;  in  dolaryte  of  Katzenbnckel,  near  Heidelberg,  eto. 
Elsolite  ia  fonnd  in  Norway ;  in  the  Ilmen  Hts.  ;  UlalB ;  at  Litchfield,  Me. ;  in  the  Ozaik 
HtA.,  A^^ft"'nt'* 

Nunedn(||JAe£in«by  HaQy  (1801).  from  vc^Xf.aelEiud,  In  allusion  to  its  becoming  clondywhni 
bnmersedia  strong  acid;  eloMle  (by  Klapcoth),  fromfAaioi',oi7,  in  allnsion  to  its  greasy  Instte, 

QiEBECKiTE  ia  diown  by  Blum  to  be  a  pseadomorph  after  this  EC)ecies  (see  p.  330). 

OiKcntNiTB-^Hexe^aal,  and  in  ^x-  and  twelVe-eided  piisma,  soinetimea  with  basal  edgea 
replaced;  also  thin  columnar  and  maaaive.  H.=B-0.  O.  =2'42-^-0.  Color  white,  gi^y. 
ydiow,  green,  blue,  reddish;  straak  oncoloted.  Lustre  Babntreons,  or  a  little  pearly  o\ 
greasy.     Transpacent  to  tiocslacent. 

CoKP.— iiame  as  for  nepheltte.  with  some  BCOi  and  water.  Analysis,  Whitney,  Litohfteld, 
Me.,  SiO,  37-42,  AlO.  2770,  CaO  8-»l,  Mo,0  30-98,  K,0  0-Q7,  CO,  0-95.  H=0  2-1)2,  FeO, 
(MnO.)  0-88=100-31. 

Pis.,  etc.— In  the  closed  tube  gives  wf^r,  B,B.  loses  color,  and  fuses  (F.=2)  with  intu- 
mescence to  a  white  blebby  glass,  the  very  easy  fusibility  distinguiahing  it  readily  from 
uephelite.    EServesoes  with  hydroohlorio  acid,  and  forms  a  jelly  on  heatir^,  but  not  before. 

Obs. — Found  at  Hiask  la  the  Drals ;  at  Boikevig,  Norway ;  at  Ditro  in  Tionsylvania 
[ditrof/Ui ;  at  Lihthfleld,  Me. 


SODALITB. 


iBoinetric.  In  dodecahodrons.  Cleavage :  dodecabedml,  inoi-e  at  leu 
diatinct.     Twins :  see  f.  272,  p.  93.     Also  massivo. 

H.=5'5-6.     G.:=2'136-2-4Ul.     Liieti'e  vitreous,  eoiitetimes  indinina  to 

freasy.  Color  graj,  greenish,  yellowish,  white  ;  eoinetiinea  blue,  lavender- 
lue,  light  red.  ESiibtraiispareut — translticeiit:  Streak  uiicolured.  Frao- 
tare  eonchoidal — nueven. 

Oomp.— 8Na,AlSi,0,+2KaCl=9ilioa  37-1,  alumina  81-71,  soda  26'56,chlor1ne7-!il=:101  85. 
Dome  varieties  ooatain  oonsiderably  less  chlorine. 

Pyr.,  ato.— Is  the  oloaed  tube  the  blue  vaiietlee  become  white  and  opaque.  B.B.  fnsa* 
with  intnmesoeDce,  at  3-/>-4,  to  a  oolocleatf  glass.  Deoomposed  by  hydroohlorio  aoid,  with 
Mporation  of  gelatinons  silica. 

Obs. — Ooonm  in  mioa  state,  gmuita,  syenite,  trap,  basalt,  and  volosnio  rocks,  and  la  oftei 
fuaoojated  with  uephelite  (or  elnolite)  and  eo^Jialyte,  Found  in  Went  Oreeoland ;  on  Monta 
Sonuna;  In  Sicily;  at  Uiask,  ia  the  Ural;  near  Bre^ig,  Norway.  A  blue  variety  occur* 
■t  LitohSeld,  He.,  and  at  Balem,  Mass. 

MiciuiBOiuciTX. — Goours  in  very  miaatfl  haxagoual  Orystala  in  msaaes  of  lencitio  lava 
ajooted  irom  Ut.  Somma.  Composition :  a  uniailioate  of  potassium,  nildum,  and  alnmiiiUB, 
•ilh  small  qnautiliea  of  aodiom  ohlorids  and  ooloiam  aolphMo. 


DESOKiimrB  umsoAioor. 


HAUVMiTU. 


laoAetrio.  In  dodecahedrons,  octahedrona,  etc.  Cleavage :  dodecabe- 
dral  dIstincL  Commonly  iii  rounded  grains  often  looking  like  crjetala 
frith  a  fiiBed  Bnrfac^e. 

H.=5'5-6.  G.=2'4t-25.  Lnstre  vitreons,  to  somewhat  greasy.  Coloi 
bright  bhie,  sky-blue,  greenish-blue;  asparagus-green.  Streak  slightb 
.  'Uuish  to  culorless.  Sulitransparent  to  translnuciit.  Fracture  flat  conchoi- 
dal  to  uneven. 

^aomt>.--S[fa,(0a)itlSi,O,+Ca80. ;  if  in  tha  sUlcate  Na,  Ib  replaced  by  Ca,  tbe  atomlo 
ratio  hen  being  6  :  1,  thia  ^vm  Silica  8413,  alaraina  3918,  lime  lO-fiS,  Eoda  14-09,  ralplnu 
triozidB  11-88,=100.   A  little  potaMiiim  la  also  often  pniBent, 

Pyr.,  ato.— In  the  o^osed  tobe  retoina  its  color.  B.B.  in  die  forcepsfiieesat  4'5  tea  whit* 
clan.  Fnmd  with  soda  on  charaoal  aiforda  a  inilphide,  nhioh  blackens  mlTer.  DeoompoMd 
07  hydrochlorio  acid  with  eeparabioii  o(  golatiDoas  iilicsa. 

Ob*. — OccDiB  in  the  VeauTiDU  Ibtos,  on  Somma;  in  the  lavait  of  ths  Campagna,  Borne;  fal 

ft  at  Niedaimendig  and  Hayeu,  li.  Laaob,  etc. 
iBiTG(Noseaii).— A  «orfa-haiiytiite ;  2Na,AlSi.0t  +  Na,S0i,  with  also  a  little  calcinm. 
etric ;  often  grauaUr  maBsive.  Common  aa  a  mloioscopio  ingredient  o(  most  phonoiftea. 
Iiaach,  eto. 
Fin-hAzm.1  (Lsatuvtein,  Otrm.). — Not  a  honK^neooa  mineral  aocording  to  Fiaoher  and 
laang.  The  latter  oalla  it  "  a  mixture  of  gtaoolar  calcite,  ekebergite,  and  an  isometdo, 
marina  mineral,  generally  bine  or  Tlolet."    Mnch  naed  aa  an  omamentaJ  atone. 


Tetragonal,  according  to   v.  Rath,     c  =  0-52637.     Usnal   form   m  in 
f.  670,  closely  resembling  a  trapezohedron.     Twine ; 
OTO  t winning-plane  2-» ;  ci-ystala  often  very  complex,  oon- 

eisting  of  twhined  lamellaa,  as  indicated  by  the  stria- 
tiuns  on  the  planes.  Often  disgemiuated  ingrains; 
rarely  massive  grannlar. 
.  II.=5-3-6.  Gr.=2-44-2-B6.  Lnstre  vitreons.  Cojnr 
white,  ash-gray  or  amoke-gmy.  Streak  nncolored. 
Traiishicenl — opaque.  Fracture  conchoidal.  Brittle. 
Optically  uniaxial ;  double  refraction  weak,  negative 
(from  Aqiiacetiisa),  positive  (fi-oin  Frascati). 

Oomp.— Fonnnla  E,A]Si.O,i=S[lioa  SSD,  alumina  28  6,  potaab 
21 -0=100.       Q.  ntio  for  E  :  AI :  St=T  :  !t  :  8,  f oi  baaaa  to  silioon  1  :  2. 

Fyr.,  etCi^ — B.B.  Infnnible';  with  cobalt  solotion  gives  a  bine  oilor  {alumina).  Decompoacd 
hy  hydrochloric  acid  witboat  gelatinization. 

Diff. — Diaticguished  from  aoalcite  hj  ita  infaBlbilitj  and  greater  haTdneaa. 

Oba.— Ifcncite  ia  con&ned  to  Tolcaiiio  rocka,  and  ia  comman  in  those  of  certain  paita  of 
Gnmpe ;  alau  fonod  in  those  of  the  weatem  United  States.  At  YesQTina  and  aome  othw 
partii  of  Italj  it  is  t)  ickl;  diaaeminated  throngh  the  Invn  in  grains.  It  ia  a  ocnatitnent  in  Uta 
ttepbelin-dolerjte  of  Herchcs  in  the  YogeUberg  ;  aliuiulant  in  trachyte  between  Lake  Laaidl 
and  Andemach,  on  the  Hhine. 

The  qnetitioii  aa  to  nhetber  the  oTTatala  of  lencite  belong  to  the  isometric  or  the  tetragon*] 
Sfatem  haa  excited  mncb  diBcassion.  Hirachirald  (Tsch.  Mia  Mittb.,  18TS.  337)  ahowa  that 
Vhlle  implanted  crjstals  are  aometimes  distinctly  tetragonal,  othera,  especially  thooe  which 
are  imbedded,  ore  as  clearly  itometjie,  while  between  the  two  there  exist  many  tranaitioa 
MasK  Ho  claims  that  the  mineral  ia  in  fact  vannatrw,  bnt  having  a  polyajinmetria  develap- 
ment,  there  existing  a  wide  Tadarion  from  'Ji*  laametrla  type,  ^a  qHoaUan  oannot  b«  «m 
M*red  oa  entizaly  &oid*d. 


OmEV  OOIEPOUBD8. — ^AITBYUBOUB  UI.KU.TBS. 


feldspar   Group.* 

The  feldeparo  are  characterized  by  specific  gravity  Lelow  2*85  ;  liarducn 
6  to  7 ,  f usioility  3  to  5  ;  oblique  or  clinohedral  crystaltization  ;  prtsmatio  ■ 
angle  near  120°  ;  two  easy  oleavageB,  one  basal,  the  otiier  brachydiagonal,  ■ 
inclined  together  eitlier  90°,  or  vei'y  near  90° ;  cleavage  a  pi-oinineiii,  fea- 
ture of  many  inaseive  kinds,  and  dietinct  in  the  grains  ut  gtaunlar  vat'ietie9, 
giving  them  angular  forms;  close  isomorphisiii,  and  a  general  reeeinblauce 
ill  the  systems  of  occurring  crystalline  forms;  transition  from  granular 
varieties  to  compact,  homstone-like  kinds,  called  felaitea,  which  sometimes 
occnr  as  rocks ;  often  opalescent,  or  having  a  play  of  colors  as  seen'  in  a 
direction  a  little  obliqne  to  i-i;  ofteu  aventurine,  from  the  dissemination 
of  microscopic  crystal  of  foreign  substance  parallel  for  the  most  part  to 
the  planes  O  and  /. 

The  bases  in  the  protoxide  state  are  calcium,  sodinm,  potassium,  and  in 
one  species  bariom;  thesesqnioxide  base isonly  aluminum;  theqnantivaleut 
ratio  of  It :  &  is  constant,  1:3;  while  that  of  the  silicou  and  bases  varies 
from  1  :  1  to  3  :  1,  the  amount  of  silicon  increasing  with  the  increase  of  tho 
alkali  metals,  aud  becoming  greatest  when  alkalies  ai-e  the  only  protoxides. 

The  included  species  are  as  follows : 

OiTotaUimUoD.    Appnix.  Q.  niio  B,R,'BL 


AKOKTHITB 

Lim«  feldspar 

Triolinw 

LABRAnoarrs 

Lima-soda  («ldspM 

HiALOPHANB 

BnrTta'potaah  feldspu 

Honoclinio 

ANDBarrB 

Tiiolinlo 

Oliooclasb 

AlAlTE 

Sodafeldapar 

", 

Obtuoclasb 

PoUah  feldqMT 

MoQOcliula 

1:12 

To  the  above  liirt  shoold  be  lulded,  aooording  to  DesCloueuaz,  the  IridiniCf  potaoh  feldapoi, 
HICKOCLIKB,  which  hoB  ttie  oompoutioa  of  orthoolnM, 

The  above  ratios  axe  onl;  approximate,  for  tixe  aiialjaet  shon  a  wide  Tooation  In  tht 
amount  of  silioon,  and  on  exoctlj  propoitioDBta  variation  in  the  amount  of  alkali ;  the  tiro 
elements  totj  in  most  casea,  as  has  been  long  reoc^nizad,  nccording  to  a  simple  law.  There 
seems  hence  to  be  a  gradual  trnnaition  between  the  sacoesaivaapeoles  ;  fiuttbisia  due,  in  port, 
to  mixtnreB  prodaced  b;  contemporaoeous  oijnollizatloQ  (compars  pert/tile,  p  8?G,  audtlie 
deacriptioQ  of  microdind.  p.  828). 

The  unisilicate  ratio  of  1  : 1  tortiasea  Bad  nUoon  Is  f oond  in  UMUthite  only,  as  ahoirn  above. 
With  Ca  alone,  as  in  tbis  species,  the  Q.  ratio  for  Al  and  Si  is  I)  :4;  with  Nai  alone,  3  :  13; 
■Dd  for  kinds  containing  oombinationB  of  the  two,  exact  oombiuationB  of  these  ratios,  mNoi : 
nC*,  giving  the  ratio  8  :  — ■ 

An  eiplonatioa  of  the  above  bet,  and  of  the  variadoii  in  ratio  shown  by  aoalfBes.  was  offered 
t^  Hunt,  and  has  since  been  developed  b;  Tscbermak.  Theesistence  of  two  distinct  tiiolinio 
feldsjurs  is  OBBumed:  anorthite  CaAlSi,Oi,  and  albit«  Nat^SitOm,  and  the  other  spaclat 
(sometimes  embraced  ander  the  general  term  flaqiOclasg}  are  regarded  na  due  to  iaomor- 
plwut  tnixtartt  of  these  two  menibera  Id  different  proportions.  They  have  thi  n  the  general 
(ormola  j  "'^^  ^'g['p'  '■  For  Inbrods-.ito  the  ratio  of  ml  nil  mostly  3  :  2,  also  3  :  1,  etc.; 
ute  the  ratio  or  m  :  n  varies  about  1  :  2,an(](oroligoaIaae  the  ratio  of  m  :  n  isS  :  10, 
'6,  eta  In  accordance  with  the  above  formula,  if  Ga  :  Na=U  :  1.  then  Al  :  Bl= 
1  ;  3-303 :  for  C»  :  Na=8  :  1,  Al  ;  ai  =  l  :  1  -257 ;  for  Ga  :  Ha=l  :  1,  Al  :  8i=l  :  8-83  ;  foi 
Ca  :  Na=l  :  8,  Al :  Si  =  l  :  44 ;  for Ca  :  'S«.  =  l  :  8,  Al  :  Sl=l  :  D. 

This  method  of  vie  wing  the  feldspar  Bpedes  has  the  advantage  of  explaining  the  wide  varia- 
tton  in  their  composition,  and  is  generally  accepted  among  German  minerologiistB.  DesCloi- 
■soDx  regards  his  abservaUoDS  upon  the  optical  oharaotars  of  the  feldspars  (see  p.  206)  m 
•howlng  that  thoy  ore  in  foot  diitihet  tpeiita,  and  not  indeterminate  iaomotphooa  mixture*. 


..,l,^H 


820  DBSOBimVB  MIKBBALOOT. 

OptiealpToptrtlet  qf&«  MeUriie  fddtpan.—Tha  following  Ubie  oontains  the  muia  Import- 
kut  optioaL  pnipeitiea  of  the  feldspti  apeciaa  m  detennltied  by  DeBCluUeaiix  (0.  R.,  Feb.  6, 
1878,  md  April  17, 1878).    Bi=Bi«ectrix.    . 


LiBiiDoam. 

OUOOOLUB. 

Albiti. 

UicBocun. 

AoatebiHtotrix 

»Iwa7H  — 
PoBltion      of 

always + 

^a.; 

alwBjB  + 

alwi^  — 

Angle  made  by  tbo+Bi. 

theBi.ha* 

withaiioiinaltoMCf) 

ao    eimple 

80°  «■ 

18°  10' 

IS" 

15°  89' 

SMne,  with  noniul  to 

relation   to 

0(p) 

the   plane* 

68' 

68° 

78°  85' 

Angle  made  hf  tlia  line 

obeerved 

in  which  the  iilane  q1 

ootheoiTB- 

Line  panUel 

the  optio-ucee  catai-i, 

tala. 

to  the  edge 

with  edge  .--l/Ottfyp), 
Same,  witi  edge  U  I 

iV-SS," 

OIM. 

80° 

6' 6' 

{g-  m) 

'1^2' 

87'35'-8B'25' 

f  >  tC+Br.) 

P  <  e(+Bt) 

88°  28' (front) 

f  <  e(+BK.) 

CrM«d;«lao 

Croued;  also 

Incline  ; 

to  plane  of  polarisa- 

alight in- 

Blight  (n- 

probably  also 

(-Bi.)    al«i 

tion. 

diiuid. 

Blight  hori- 

ineUntd 

tpnttO. 

(-i-Bi.) 

for  red  rajB. 

wm 

88' 16' 

89' 85' 

80°  89' 

87°  64' 

for  bloe  raja 

85' 89' 

87"  48' 

68' 81' 

81"  5»' 

(Bomma) 

(Labrador) 

(Sunatone, 

(Roe  tonmfij 

Amazonat'ne, 

The  asial  divergence  la  quite  constant:  for  albite,  labtadorite,  and  aootthite,  bat  varies  for 
oligoclase  even  in  different  aectiona  talten  from  the  aame  specimen.  Andeaine  (q.  T.)  i* 
i^nrded  by  DeaCloiteaak  as  nn  altered  oligodase. 

DeaCloiseanz  givea  the  fallowing  method  of  duHngvUtiing  ietieeen  l?u  fddipart  by  optioal 
meana:  It  ia  necessary  to  obtain  a  tranaparent  plate  parallel  Co  the  eusieat  cleavage  [0). 
Booh  aectloTU  obtained  from  cryatiiJs  or  lamellar  masaes  of  olbitc,  oligoclase.  liibradorite,  and 
the  majority  of  those  of  microcline,  show  bemitropic  hnnds,  more  or  leFa  cloee  together, 
Kisaged  along  the  plane  parallel  to  the  second  cleavage  (i-1) ;  for  orthoclose  and  microlinc 
bi  limple  erstStl*.  two  sections  placed  in  opposite  poeitions  serve  to  produce  the  aame  effect. 
These  aectiona  ore  thos  brought  between  the  oroaaed  Nicola  of  a  potarization- microscope. 

(1)  For  orlhociate  the  maximum  extinction  takes  plaoe  when  the  two  seotiona  are  parallel 
to  their  plane  of  contact ;  the  edge  0/i-l  being  In  the  plane  of  polarization  of  the  mioro- 
nope. 

(2)  For  mietvcline,  the  whole  struotnre  conmste  of  a  moltiCnde  of  very  fine  panUlel  bauds; 
the  section  may  ahow  miciootine  alone,  either  bemitropic  or  not  hemitropic,  or  microcUne  and 
ortboclane  ;  the  eztmction  can  take  place  at  tin'  54'  between  the  odjoicmg  bands  of  the  same 
plate  of  the  macle  (microcline  alone),  at  30°  64'  between  the  two  plates  of  the  made  (micro- 
cline in  bands),  or  at  15'  2T  between  the  adjoining  bands  (microcline  and  ortbocluse).  In  the 
last  cose  the  whole  of  two  lamelln  of  the  mikcle  show  at  the  same  time  an  extinction  oblique 
t<i  the  plane  of  composition,  belonging  to  the  microcline,  and  one  parallel  to  this  pl.ine  for  the 
mtlioclase. 

(5)  For  albUe,  the  ezdnction  between  two  bands  takes  place  at  an  angle  of  0^  33'. 

i4)  For  oliffodtae,  the  extinction  Is  simoltaneons  in  the  two  bands,  and  when  the  plane  of 
oompositioQ  coincides  with  the  plane  of  polarization  of  the  polariscope,  it  shows  that  the 
atmctnre  is  homogeneous. 

(6)  For  labradorite,  the  extinction  takes  plaoe  at  10*  84'  between  the  alternate  lines  of  tha 
bemitropic  lamellB. 

It  follows  from  this  that  a  plane  normal  to  the  plane  of  the  axea  cats  the  base  along  a  line 
making  with  the  edge  O/M  the  following  angles : 

0*  in  ortboclase, 
16°  37'  in  microcline, 
8°  1(1'  In  albite, 
0*  12'  in  labradorite. 


K.wyiv 
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Diff. — The  teldspftia  are  difitiogaufaed  from  otber  speciee  bjr  the  oharacten  aJread^  natoa, 
prominent  among  wUch  are  :  oleavage  in  two  dixeutionB,  nearly  or  quite  at  light  angles  U. 
each  other :  also  hardneaa,  eto. 

The  tiidinic  feldapart  con  in  moat  dues  be  diBtingniglied  from  orthoclaae  by  the  fine  Mriit* 
tion  due  to  repeated  twinning.  This  atriatlon  can  orten  be  seen  by  fhe  onoided  oye  upon  the 
oleavage  face  (_0j.  And  its  ezistenoe  can  always  be  surely  tested  by  the  examinaUoa  of  a  thin 
snotion  in  polariiied  light,  the  alternate  bonds  of  color  showing  iJie  same  fact. 

The  separatioQ  of  tjie  different  tricliiiic  species  can  be  sorely  made  by  complete  onalysti 
only,  or  at  least  by  the  determination  of  the  amoiint  of  alkali  present.  The  degree  of  fucd- 
l^ity,  the  color  of  the  flame,  and  the  eflect  prodnced  by  digestion  in  acids,  are  often  import- 
ant Olds.     In  the  hands  of  a  skiUed  observer  the  optioal  examination  m^  give  deouiTe  lesoltx. 


AHORTHTTB.    IndianJte, 

Tnclinic  ^  :  J  ;  d  =  0-86663  :  1-57548  : 1.  /a/'  =  120"  3l',(?At-r, 
(over  24)=9*''10',  OaT  =  1U°H',  OaI=U0'' 
40',  0  A  2-1  =  98"  46' ;  a  =  93°  13*',  0  -  115°  55*', 
y  =  91°  Hi'  Cleavage :  0,  i-i  perfect,  the  latter 
least  so.  Twins  eimilar  to  thoae  of  albite.  Also  inaa- 
Bive.     Structure  "ranalar,  or  coaiBe  lamellar. 

H.-6-7.  G.=2-6ti-2-78.  LiiBtre  of  cleavage 
plaiiee  inclining  to  pearly ;  of  other  faces  vitreous. 
Color  white,  grayish,  reddish.  Sti-eak  uncolored. 
Transpai-eut  —  transluceut  Fracture  uoiichoidal. 
Brittle. 

Var. — Amrrthitt  wos  described  from  the  glassy  crystals  of  Som- 
mft.    Indianile  is  a  white,  grayish,  or  reddish  granular  anortbite  from  India,  fint  desoribed 
fai  1803  by  Coant  Boumon. 

Oomp.— Q.  ratio  for  E:  Al  :  Si  =  l  :  8  :  4.     Formula  Ca:USi,0,=&ilica  43-1,  alnmuw  80'8, 
line  20' 1  =  100.    The  alkalies  are  sometimes  present  in  very  small  amounts 

Pjrr.,  etc.— B.B.  fuses  at  5  to  a  Colorless  glass.     DeoompoEed  by  hydrochloric  add,  with 
■epaxation  of  gelatbous  silica. 

Obi. — Oocnra  in  some  granites  j  ocoasionally  in  coimection  with  ^bbro  and  serpentina 
racks;  in  some  eases  along  ndth  corondum;  in  many  volcanic  rocks.     Fonitd  in  the  old  lavsi 
in  the  ravines  of  Monte  Somma;  Pesmeda-Alp,  Tyrol;  in  the  Faroe  islands;  in  Iceland; 
near  Bogoslovak  in  the  Urol,  etc. 
.Bttowmitb  hat  been  ihown  by  Zirkel  to  be  a  mixture.    Bytown,  Canada. 


Tricliiiic.  /A /  =  121°  37',  OhU  =  93"  20',  0M=  110°  50',  Oh T 
=  113°  34' ;  Marignac.  Twins :  similar  to  tlioso  of  albite.  Cleavage :  0 
easy;  i-i  less  so;  /traces.  Good  crystals  rare ;  e<J'>erallv  massive  granular, 
and  in  grains  cleavahle;  sometimes  cryptouryitiillino  or  lion  is  tone-like. 

H.=6.  (}.=2-67-2-7C.  Lustre  of  0  pearly,  passiug  into  vitreous; 
elsewhere  vitreous  or  subresinous.  Color  gi"ay,  brown,  or  greenish,  some- 
times  colorless  and  glassy;  rarely  porcelain-white;  usually  a  change  of 
colors  in  oleavable  varieties.  Sti-eak  uutxilored.  Translucent — subtrans- 
lucent. 

Oomp.,  Var. — Q.  ratio  for  B  :  Al :  8i=l  :  3  :  0,  but  Tarying  somewhat  (sea  p.  BID). 
PonnnU  RAJSiiO,.;  bere  K=Ca  andNa,.  The  atomio  ratio  for  Na  :  Ca=2  :  3  generally, 
Ihla  oorresponda  to  Silica  02-0.  alumina  SO-3,  line  I2'8,  soda  4-5=100. 

Var.  1.   CienvnbU.     (a)  Well  crystalliied  U>  (b)  massive.     Play  of  oolcis  either  wnndnf,  m 
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Eu  eonM  oolorleu  OTTstaLs  j  or  pole;  oi  deep;  bine  and  green  are  tlie  predominant  oolora ;  bal 

yellow,  tire-ied,  and  pearl-graj  also  ocour.  B7  cutting  very  t^ij"  slices,  parallel  to  I'-i,  fron 
tlie  original  laliradoiit«,  they  Bie  seen  nnder  the  microscape  Ui  contain,  betddes  Htrifo,  great 
nambera  of  minnte  scales,  like  the  aventurme  oligticliLBe.  which  ire  probably  guthlte  or  hema- 
^te.  These  «caleH  produce  an  aventurine  eSeot  which  is  quite  independent  of  the  play  of 
ooloiB  which  arises  ffom  the  interference  of  the  I'aje  of  light  reflected  by  innumerable  iiitsi- 
nal  lomellre  {Reiutdi).  The  various  forms  of  minerals  {mierojrVikilet,  mierop/iyilila,  etc)  eii- 
eloaed  in  the  labradorite,  and  their  relation  to  it  in  position,  have  been  thoroughly  investigated 
bj  Schrauf  (Ber.  At,  Wien,  Dec.,  1868). 

Pyr,  etc.— B.B.  fuses  at  3  to  a  cclorlass  glass.  Decomposed  with  difficulty  by  Lydroohlock 
aoid  generally  leaving  a  portion  of  nndecomposed  minersl 

Oils. —  Labradorite  is  a  constituent  of  nome  locks,  both  matamorphio  and  igneous;  t-g., 
diabaBC,  doleiyte,  basalt,  etc.  The  labradoritic  metamorphio  looks  are  moat  common  among 
the  formations  of  the  Aich»an  or  pre-Silurion  era.  Snch  are  part  of  Irhoee  of  British  America, 
northern  New  York,  Pennsylvania,  Arkansas;  those  of  Q-reenlund,  Norway,  Finland,  Sweden, 
and  probably  of  the  Vosges,  Being  a  feldipar  containing  comparatively  little  silica,  it  oocnn 
maii^y  in  rocks  which  include  little  or  no  quarti  (free  silica). 

Eiew  has  furnished  fine  specimens;  also  Labrador.  It  is  met  wltb  In  many plaow in 
Canada  Eaat.  Occurs  at  Essex  Co.,  N,  Y.  ;  also  in  St.  Lawrence,  Warren,  Socharie,  and 
(Keen  Cm.  In  Pennsylvania,  at  Mineral  Hill,  Chester  Co.  ;  in  the  Witcbitn  Mts.,  ArkaoBU, 
«to. 

labradorite  wns  first  bronght  from  the  Isle  of  Paul,  on  the  coast  of  Labrador,  by  Ur.  Wolfe, 
a  Moravian  missionary,  abont  the  year  ITTO,  and  was  called  by  tho  early  mineialogista  Labra- 
dor etoue  {Labradontnn),  and  also  chatoyant,  opaline,  or  Labrador  feldspar.  Labiadoiite 
reoeivea  a  fine  polish,  and  owing-  to  the  cbntiyant  leQcctions,  the  specimena  aie  often  highly 
beautiful.     It  is  sometimes  used  in  jewelry. 

Habkkltmitk. — Occurs  in  transparent,  isometric,  grains  in  the  meteorite  of  Sheigottr. 
Same  eompositioQ  as  labradorite. 


N  ANDESmj.    AndeaJne. 

Triclinic  Appi-oximate  anjriea  from  Esterel  (srvBtals  (DeeCl.) ;  O  A  t-L 
left,  87°-88»,  0  A  /=  lll^-lia",  0M=  115°,  Ihi-i  =  llOMaO",  i'A»-l 
=120°,  (?A2-i  =  101°-102°.  Twins:  reseinWing  those  of  albite.  Sei- 
doiii  ill  crj-stalfl.  Cleavage  more  nneven  than  iu  albite.  Also  graiinlar 
massive. 

]l.=5-6.  G.=2-61-2'74.  Color  white,  gi'ay,  greenish,  ycllowieh,  Qesh- 
red.     Lastre  subTitreoim,  inclining  to  pearly. 

Oomp. — Q.  ratio  1:3:8,  but  varying  to 
Ca  in  tbe  ratio  1  :  1  to  8  :  1 ;  if  the  ratio  is 
mina  25-5,  lima  70,  soda  7-7=100, 

Pyr.,  etc — Andesite  fuios  in  thin  splinters  before  the  blowpipe.  Ssocharite  meltaonlycn 
thiu  edges  ;  with  borax  forms  a  clear  glass.     Imperfectly  soluble  in  acids. 

Obs Occurs  in  many  rocks,  especially  some  trachytes.     The  urif^nal  locality  was  in  tha 

Andes,  at  Marmato ;  also  in  tba  porphyry  of  r&terel.  France ;  in  the  Voi^a  Mts.  ;  at  Vap- 
nefiord,  Iceland,  !□  honey-yellow  tnuisparent  crystals,  etc.  In  North  America,  found  at 
ChSteau  Richer,  Canada,  forming  with  hypersthene  and  ilmenite  a  wide-spread  rook;  coloi 
flesh-red. 

Andesite  is  regarded  by  DesCloizeaui  as  an  altered  oligoclnee,  but  many  caiefal  analym 
)ioint  to  a  feld^or  having  the  composition  given  above. 


HTAI^PBANE. 

Monoclinic,  like  orthoclase,  and  angles  nearly  the  eame.  6'=  64°  16*, 
/"A  /  =  118°  41',  OM-i=  130°  55i'.  Cleavage ;  0  perfect,  i-i  eomewlMU 
less  »D.    In  small  crystals,  single,  or  in  groups  of  two  or  three. 
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H.=:ft-6'5.  G.=2-80,  transparent;  2-905,  translucent.  Lnstre  vilreonSj 
3r  likn  that  of  adnlaria.  Color  white,  or  colorless;  also  flesh-red.  Trans- 
parent  to  ti-aiisliiuent. 

Oomp.— Q.  ratio  for  R  :  ft  :  Si=I  :  8  :  8.  Fonnnla  (Ba,E,)AlSi(0,,.  AnaljBB  ot  hjaio- 
phime  feom  the  Binnenthol  by  StookarEaoher,  SiO,  02-67,  MO,  21  -IS.  TSgO  0-04,  OaO  0-40, 
BaOlS-05,  Nn,0  3-14,  K,0  7-»3,  H,0  0-fi8=:g9  B8. 

Pyr^  ate — B.B.  foaes  with  difficult;  to  &  blebby  glass.     UDocCed  upon  b;  acids. 

Om^ — Ooeata  ia  a  granular  dolomite  near  Imf^d,  in  the  Biiinent^^,  Smtzoclaud ;  also  at 
l'aki>bab«^  in  Sweden. 


K    ouaooz.A,SB. 

Triclinio.    IaT  =  120°  42',  O  A i-t,  ov. 2-i'  =  93"  50',  0M=  110"  66', 
Oa  T  =  114'  40'.     Cleavage :  O,  U  perfect,  the 
jUttter  least  so.     Twins :  similar  to  those  of  albite.  678 


•  H.=(i-7.  G.=2-66-2-72;  mostly  2-65-2-69. 
Lustre  viti-eo-pearly  or  waxy,  to  vitreous.  Color 
usually  whitish,  with  a  faiiit  tinge  of  grayish- 
green,  grayish- white,  red  dish- white,  greenish, 
reddish ;  soinetiines  aventuriiie.  Transparent, 
anbtraiisliKtent.      Fracture  condioidat  to  i 


Oomp.,  Var,— Q.  ratio  for  B  :  M  :  Si=l  :  8  :  9,  tbongh 
with  Bomo  vmiationa  (see  p.  297).  Formula  RAlSitO,,,  willi 
B=lfa,(K:,},Ga  The  rat 'O  of  S  :  1  forVa:  Ca  corresponds  in 
this  formula  to  Silica  61  -0,  alumina  %i-\,  lime  S'S.  soda  8-8=100. 

Var,  1.  Clainable  ;  in  oryatals  or  raaaBive,  2.  Compaet  Truueive  ;  otigoeiate-fetrite ;  inolndef 
port,  at  least,  of  the  Bo-called  compact  feldspar  orfeUitu,  consisting  of  the  feldspar  in  a  com- 
paot,  either  Hue  granalar  or  Sliit-like  state.  3.  jiDenturine  oiigoeliue,  or  turutone.  Color 
j:ra^h-whtta  to  reddish-grny,  nsnally  the  latter,  with  internal  yellowish  or  reddish  fire-like 
refleotioDs  proceeding  from  diiueininated  crjetals  of  probably  either  hematite  or  gotbite.  4. 
ifoorut/mt  pt.     A  whituh  opalescence. 

Pyr.,  eto. — B.B.  fuses  at  30  to  a  clear  or  eoomel-like  glass.    Not  mateifolly  acted  upon  1^ 

Obs. — Oocars  in  porphyry,  granite,  syeaite,  serpentine,  and  also  in  different  emptiTe  rocks. 
It  is  somedmes  aasnoiated  with  orthocL-kse  in  granit«,  or  other  gmnit^-like  rocks.  Among  its 
localities  are  Pargns  in  Piolaud  ;  Schaitansk,  Ural;  in  prott^ne  of  the  Mer-de-Qlac€,  in  the 
Alps:  in  fine  crystals  at  Hb.  Somma ;  as  taiutont  at  Tvedestrand,  Norway;  in  Iceland, 
oolorlBBB,  at  Hafnefjord  \luifnejUirdiU).  In  the  United  States,  at  Unionville.  Pa.  ;  also  at 
Baddrun.  Ct.  ;  Mineral  UiU,  Delaware  Co.,  Fa. ;  at  the  amery  mine,  Chester,  Mass. 

Named  in  182B  by  Breithaupt  from  i'-iyi^,  lilOe,  and  nXaw,  to  eUmi. 

Tbcdkrhakite  (v.  Kobell). — Supposed  t«  be  a  magnena-feidapaT,  but  the  oonoIuaioD 
was  probably  ftased  on  the  analysis  of  impore  material.  Later  investigaliioiis  (Hawes,  Pisani) 
■uke  it  an  oiigoolose.     Ooours  with  kjerulfine  from  Bamle,  Norway. 


Triclinia  IaF  =  120"  47',  OaU^  93°  36',  O  M'  =  114°  42',  OaI 
=  110°  50',  CA2-i'=136°  60',  O  A2-1:  =  133'  14'.  Cleavage:  O,  U 
perfect,  the  first  most  bo;  1-t  sometimes  distinct.  Twins:  twinning-plBne 
*-{,  axis  of  revolution  normal  to  -iri,  this  is  tlie  most  ctmimon  metliod,  and 
its  repetition  gives  rise  to  the  fine  striatioiis  (p.  91)  upon  tlie  plane  0,  which 
are  so  characteristic  of  the  triclinic  feldspars;  twinning-plane,  2-i  (£.  57S) 
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aiialoeous  to  the  Baveno  twins  of  oithoclase ;  also  twinning-axia,  the  vertical 
axis  (r.  575);  twiniiiiig-axiB,tliemacrodiag<>nal  axis*  (b),  the  j}eridins  ttoina. 
Double  twins  not  iinconitnoii.  True  simple  crystals  very  rare.  Also  maa-_ 
Bive,either  latiiellar  or  granular;  the  laminte  sometimes  divergent;  graiiulai 
vArieties  ocuasioually  quite  fine  to  impalpable. 


MiddlBtown,  Ct. 


H.=6-7.  G.=;2  59-2'65.  Lustre  pearly  npon  a 'cleavago  faue  ;  vitreims 
in  other  directions.  Color  white,  also  occasionally  bluiah,  gray,  reddiali, 
greoniah,  and  fjreen ;  soinetiinee  liaving  a  blnish  opalescence  or  play  of  colors 
on  0.  Streak  un colored.  Ti-ansparent— subtianslucenl.  Fractal's  nueven. 
Brittle. 

Oomp.,  VaT,—Q. ratio  Na  :  AI :  Si=l  :  S  :  13.  Formula  Ka,AlSi.O,.=Silic» 68-6,  alatniiM 
19*0,  smla  11  "8  =  100.  K  imaJl  part  of  the  Bodinm  is  replai^  hbdoUj,  if  not  tlwKja,  by 
potiossium,  anil  oUo  by  calciom  (here  Nai  by  Ga)  But  Uiese  differences  ore  not  eitenullj 
appaienti. 

Ytir.  1.  Ordtnary.  {a)  In  crfitals  or  clearable  maasiTe.  The  angles  vaiy  BOmawhat, 
especially  for  plane  I',  (b)  AMiUurine  ;  similar  to  nrentarina  oligDcliise  and  orCbocIase.  (e) 
Meonitont ;  similiir  to  moonstone  under  oligodase  and  orthodaae.  PeritUritt  ia  a  whitistl 
adnlaria-lite  a!l»ite,  slig-htly  irideeoent,  having  G.  =2'(I2(I ;  named  from  vtpumpi,  jrigton,  th« 
oolora  lewmbling  somewhat  those  o(  the  neck  of  \  pigeon,  (d)  PerUline  ie  in  large,  opaque, 
whitecrjataU-Bhort  andbroad,  of  theformsinf.  B77{f.  334,  p.  101);  from  the  ohlotJteschisU 
of  the  Alps.     Lamellar ;  eUavelnrtiiite,  a  white  kind  foand  at  Chesterfield,  Maw. 

Pyr^  etc.— B.B.  fuses  at  4  to  »  colorless  or  white  glass,  imparting  an  intense  yellow  to  the 
flame.     Not  acted  upon  by  acids. 

Oba. — Albite  is  a  oonslitneDt  of  SBverol  rocks,  as  dioryt^,  etc  It  octmrs  with  orthoclaae  In. 
some  Branite.  It  is  common  also  in  gneiss,  and  Bometimes  in  the  orj'stalliaB  schists.  Veini 
of  albitic  granite  are  often  repositories  of  the  rarer  granite  minerals  and  of  fine  crystalliMi- 
tions  of  geme  including  beryl,  tourmaline,  atUnite,  colnmbite,  elo.  It  occnrs  also  in  some 
^achyte,  in  phonolyte.  in  granular  limestone  in  disseminated  crystals,  as  ufcar  Moilane  in 
Savoy,  Some  localities  for  crystals  ate  :  Schneeberg  in  Tusseit,  in  simple  crystals  ;  Col  dn 
Bonbommn :  St.  GoL'mrd,  and  eiseirhare  itt  the  Alps ;  Penig,  etc. ,  Saxony ;  ArenOai :  Green- 
Und;  Islsnd  iif  Elba. 

In  the  U.  3,  in  Jfttine,  at  Pari:i.  In  iWaai.,  at  Chesterfield;  at  Ooaben.  In  Conn.,*t 
Haddam;  at  Middlctowr.  In  ^.  Tont,  al  GranvUle,  WoBbingtou  Co.  ;  at  Moriab,  Essex  Co. 
in  Pena.,  at  Uniooville,  Delaware  Co. 

Tfae  name  AlbiU  is  lerived  from  <Ma$,  white,  in  allusion  to  its  color,  aiid  was  girea  tha 
■peoies  by  Gohn  and  BeiMliai  in  1814. 


UXTOEK   OOHPODNDS  — AMHTD&OUS   8ILIOATB6. 


ORTHOOI.&SB.     / 

M#n«clJmc.  (7=  63°  53', /A /=  118"  48',  (?Al-i  =  153°  28';  i:b:d 
=  0-844  :  1-51S3  :  1.  OAl-i=  129°  41',  0^^i  =  99"  38',  (? A 2  =  98° 
i'.  Cie&v&^e:  <?  perfect;  i-i  less  distinct ;  i-ifa.hit;  also  imperfect  in  the 
direction  of  one  of  tlie  faces  I.  Twins:  twinniiig-plano,  i-t  {Cai-lshad 
twins)  i.  5S2,  hat  the  elinopinaeoid  {i-i)  the  compoBition-face  (seep.  98); 
twinning- plane  the  base  (0)  f.  583 ;  al3<j  the  clinodonie,  24  [Savetio  twitis), 
as  in  f.  688,  in  which  tlie  prism  is  made  up  of  two  adjoining  planes  0  and 
two  i-i,  and  is  nearly  square,  because  (?Ai-i=  90°,  and  (?a2-1  =  135*^  3'; 
/a/=  169°  28' ;  also  tho  same  in  a  twin  of  4  crystals,  f.  587,  each  side  of 
the  prism  then  an  0  (see  also  p.  99).  Often  massive,  granular ;  sometimes 
lamellar.  Aleo  compact  crypto-crystallino,  and  sometimes  flint-like  or 
'  jasper-like. 


Loxoolase. 

H.=6-6-6.  G.=2-44r-2-62,  mostly  2-5-2-6.  Lnstre  vitreons;  on  cleav- 
age-snrface  sometimes  pearly.  Color  white,  gray,  flesh-red,  common; 
greenish-white,  bright-green.  Streak  uncolored.  Transparent  to  trane- 
Tncent  Fractnre  conchoidal  to  uneven.  Optic-axial  plane  sometimes  id 
the  orthodiagonal  section  and  sometimes  in  the  clinodiagonal ;  acnte  bisec- 
trix always  negative,  normal  to  the  orthodiagonal, 

Oomp-  Var.— Q  ratio  for  E  :  Al :  Si=l  :  3  :  19.  Fonnnla  E,^3I,0,.=Smoa  64-7,  alu- 
mina IS'4  potuh  1G'0='100;  with  aodium  sametimeB  replaouig  part  of  the  potaaaium.  Tb» 
octhocUse  of  Carlsbad  ooatainH  Tabidinm.  The  varietiea  depend  mainly  on  Btmotnie,  tuia- 
tionn  in  aogrles,  the  presence  of  noda.  and  the  pretenoe  of  fmpiuities. 

The  amount  of  Rodinm  detected  b;  raaJjaea  varies  ^eatly.  the  vanety  larUdin  (see  below) 
xmietimea  oontuimig  6  per  oent.  The  variations  in  angles  are  larg«,  and  the;  ooonr  miim- 
tbnea  even  in  specimenE  of  the  same  locality.  The  crTatalliEation  is  normally  monodtnia, 
and  the  TarlationB  &re  simplj  irregnlaritieB.  There  are  ^ao  la^e  optical  variationa  in  Ortik^ 
Olase,  on  which  see  DesCL  Hin.,  L,  329. 

Tar.  I.  Ordinary.  In  crystats,  or  cleaTable  nuudva  AdvUtria  (adnloi).  TranspiMnt, 
dea-rable,  aenall;  with  pearl;  opaleaoent  refleotiona.  and  sometimes  with  a  plaj  of  colors  lilM 
Ikbndorite,  thongh  polei  in  thnde.  J/iwrutorM  belong!  in  part  here,  the  rest  being  ^bite  and 
oIlgtiDla«&  Suiulotte,  oi  nverUuriiu  fM»par ;  In  part  ortboolaM.  rest  olbite  or  oligiialaM 
(q.  T  ].  Atruuerulime  :  Bright  verdigri^green,  and  cleaTable,  mcstlj  mixtares  of  orthoclaM 
■ad  mtcrooline  (Dx.).  Eisnig  conclo^i^  tbat  the  coloring  matter  of  the  Pike's  Peak  amnion- 
rtone  la  an  oi^ianio  componnd  of  iron,  which  has  been  in&li'iated  iuto  the  hums. 

3a*idiH  ol  NoM,  or  glattg  ftliUpar  (indoding  mnoh  of  fw  lee-^ar,  put  of  whidi  ta  mm* 
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tblte).  OooTin  In  tranapuent  gtssoj'  arratalB,  mcnUy  tobnlAr  {whence  tbe  Dftme  bom  aavic,  ■ 
boARl),  in  lavB,  pamioe,  trachyte,  pboiuilitc.  eto.  Proportiim  of  soda  to  potash  lariec  mm 
1  :  20  b>  3  ;  1.  Ehyaitoiitt  is  tha  satne  ;  the  name  was  applied  to  glnsaj  ci7St&U  from  lit 
Romma  (EisBpath,   Wern.). 

Chatm-liU.  In  white  □T7Btals,  smooth,  hut  feebly  loBtroaB.  implanted  od  dolomite  in  Chea- 
ter Co.,  Penn.,  and  having-  wide  Taziatiacs  in  its  angles.  It  contains  bnt  litUe  soda.  Acooid- 
iuf  to  DesClaizeaax  the  cheflterlite  consists  of  t.  nnion  of  piinJlel  bauds  nf  ortboolaae  and  • 
tilclinic  feldsparof  the  same  oomposition.  whiob  ha  cuUb  microclina  [see  l>elow). 

LfxeoeUue.  In  f^ajish-wbite  or  yellowish  ciystals,  a  little  pearl;  or  gresGy  in  lustre,  oftei 
lar^.  feetily  shining,  lengtlieDed  nsnall;  in  the  direction  of  the  clinodiagoiial.  0  Ai=113' 
80',  OA/'  =  lia°  W,  2a7'=120'  30'.  Oai-I  (deavage  angle)=90°,  Breith.  G.  =  2-«-8-82, 
Fhittnei.  The  analyses  find  mnch  more  soda  than  potash,  the  ratio  beiog  about  3:1,  bnt 
how  far  this  is  due  to  miitare  with  albite  has  not  been  ascertained.  From  Hammond,  St 
Lawrenoe  Oo.,  N.  T,  Named  from  \t(i',  tra)uveri^,  afS  JtA.i«,  /  eieitte,  under  the  idea  that 
the  orystBlB  are  peonliar  in  having  cleavage  parallel  to  the  orthodiagoDal  section.  PerUiUt. 
A  Qeah-red  aventarine  feldspar,  consistinf;  of  interlaminated  albite  and  orthoclase,  as  shown 
by  Breithanpt.     From  Peith,  Canada  Eoat. 

Compact  Orthoclahk  or  0RTH0Ci^8B-rKi.errB. — This  crypto-orystalline  variety  is  com- 
mon and  occurs  of  various  colors,  from  white  and  brown  to  deep  red.  There  are  two  kind* 
(a)  Vhe  janper-Uke,  with  a  subvitreons  lustre ;  and  <£)  the  eeratoid  or  vsax-likt,  with  a  waxy 
lustre.  Some  red  kinds  look  closely  like  red  jasper,  but  are  easily  diatin^ished  by  tbe  fusi- 
bility. The  orthocloee  di9ers  from  the  albite  felaite  in  containing  much  more  potash  than 
■ods.     The  Swedish  name  BSHeJtinta  means  faiitjtial. 

Pyr,,  etc. — B.B.  fuses  at  5  ;  varieties  containing  mnch  soda  are  more  fusible.  IiOioclase 
fuses  at  4.     Not  acted  Qpon  by  acids. 

Obs. — Ori^oclose  is  an  essential  ooostitnent  of  many  rocks  ;  here  are  included  granite, 
pieiss,  and  mica  sohist;  also  syenite,  trachyte,  phoDolyt«,  etc.,  etc. 

Fine  crystals  are  fonnd  at  Carlsbad  in  Bohemia;  l^thprinenbiirg,  Siberia  ;  Arendal,  Ifor- 
way  ;  Baveno  in  Piedmont;  in  Cornwall ;  in  the  Urals  :  theMooDin  monntsins,  Ireland.  et«.; 
in  the  trachyte  of  the  Draohenfels  on  the  Rhine.  In  the  U.  En^t«B.  orthoclasels  fonnd  in 
If.  Ham/p.,  at  Acworth.  In  Vonn.,  at  Haddam  and  Middletown.  '  In  N.  York,  at  Itossie ; 
In  the  town  of  Hammond;  in  Lewis  Co.;  near  Nataial  Bridge  ;  in  Warwick  ;  and  at  Amit; 
and  Edenville.  In  Penn.,  in  crystals  at  Leipenille,  Delaware  Co.,  etc.  In  JV.  Car.,  at 
Washington  Mine,  Davidson  Co.;  beautiful  AmaMusttme  at  Pike's Pe^,  Col.  Massive  orUio- 
olose  ia  abundant  at  many  localities. 

MiCROCi.iKE.*  A  tridinie  potngh  f^dgpar, — The  name  mieriialinf  was  originally  given  I7 
Breithaupt  to  a  whitish  or  reddish  feldspar  from  the  zircon -syenite  of  Frederioksvom  and 
Brevig,  Norway,  on  the  ground  that  it  was  tridinie.  It  was  shown  by  DesCloizeauz  that  tiiii 
feldspar  was  merely  a  variety  of  orthoclase  remarkable  for  its  large  amonnt  of  soda.  Beoeutly 
the  latter  author  has  proposed  to  retain  this  name  for  a  feldspar  fonnd  in  the  midst  of  gian- 
ites,  pegmatite,  and  gneiss,  which  ia  shown  both  by  the  angle  between  it«  cleavage  planes, 
and  also  by  ita  optical  properties,  to  be  really  tridiaie. 

Form  generally  like  that  of  orthoclase.  Cleavage  ImboI  and  clinodingonal.  and  also  ttgj 
parallel  to  both  prismatic  (aoes  (i  and  I')  •  for  the  optical  properi^ies  see  p  20!1.  Often  asao- 
dated  with  orthoclase  in  r^ular  panUlel  baodB,  eapecioll;  in  the  amazonstone  ;  albite isako 
Bometimes  present,  though  irregularly.  Analysis  of  a  "pure  microclina  "  from  Hagnet  Cora 
by  Pisani.     G.=3-54.  J 

SiO,  AID,  FeO,  K,0  KaiO  ign. 

MSO  19-70  0-74  16-80  0'48  0'35-101-17 

The  asBociation  of  orthoclase  and  microcline  was  observed  in  specimens  from  the  IlmflB 
Utn. ;  Urals ;  Arendal ;  Greenland ;  Labrador;  Iieverett,Mass.;  Delaware,  Chester  Co.,  Penn.; 
Pike  s  Peak,  CoL  The  purest  microcline  was  that  of  a  grMnish  color  from  M^net  Cov«, 
kzk. ;  it  enclosed  raystaU  of  t^nte,  and  was  not  mixed  with  orthoolaoe. 

SuBSILIOiTES. . 

Humiie  or  (Mondrodife  Groyp,  including  three  Bub-epeoies: 
L  Bomltap  n.  Ohondrodlta;  lU  OUnohumlts. 

The  ozistsnoe  of  three  types  of  forms  among  the  crystals  of  hnmlte  (Veauvltls]  w<#  jorlj 
ibmra  by  SoaooU ;  they  tuTe  nnoe  then  bean  {nrttieT  in*«ititi*ted  b/Tom  Bath  (?<*>'  &S-I 
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Bd.  r,8SI,  1671  :  Hud.,  t1,  385,  1878).  The  chemical  identity  of  the  «peciea  hnmite  and 
chondrodlte  was  Hhown  bf  ItammelEbeis ;  later  Eokscborof  proved  that  the  oi^fatala  of  ch<iu- 
drodite  from  Paigas,  Finland,  ware  identical  in  form  and  angles  with  Soaoohi's  tjpe  II,  of 
hamtte,  and  the  name  baa  also  been  shown  of  the  Snediah  crystals  by  vom  Rath.  In  16TQ 
the  author  described  cxystals  of  chondiodite  from  Brewster,  N.  Y.,  belongio);  to  eauh  of  the 
throe  types  of  bnmite  ;  he  showed,  moreover,  then  and  later  (Feb.,  187li},  that  contrat;  to 
what  had  been  previously  assamfd,  the  cryBt&ls  of  both  type  IL  and  type  III.  were  mj>ito<Umie, 
not  orthorbom'uio,  DeaClob^aus  and  KJeio  have  since  proved  (Jahrh.  Min..  1870,  No.  I!) 
tlie  mouoolinio  character  of  type  III.  of  the  Vesuvian  bumite.  and  the  former  that  of  the 
Swediah  oiystala  (type  IJ.)  ;  he,  moreover,  proved  the  orthorhombic  character  of  the  orystalu 
of  type  L,  Teauvins.  In  accordance  with  these  facte  DeBCloUenox  bos  proposed  that  the  threu 
ttTpes  be  tegatded  as  distinct  speoies,  with  the  names  given  abovB. 


Ortborhombie.  Holohedral.  *-2  (o*)  A  «  a  =  130'  19' ;  0(A)  A  3-i  (i^  = 
102*48';  OM-l{^}  =  l^-ie';  0  A 3-i  {^)  =  103' iV ;  O  a  l-l  {t^}  =  l^Mi' 
21' ;  0  A  la  (f)  =  121°  44'.  '  Twins :  twiiining-plawe  Ij-i,  also  ^4,  in  botii 
cases  the  angle  of  the  horizontal  prism  is  nearly  120°.  Optic-axial  platio 
parallel  to  tne  base,  acute  bisectrix  positive,  normal  to  ^^i.  DisperBtoii 
almost  zero.     2na  =  79' IS'-TS"  for  red  rays.     (DesCL) 


Monoclinic  ^  A i  =  122°  29' ;  AAe'=  IGS'  5' ;  ^  A  ^'  =  108"  58' ; 
.4  :  »» =  103°  12' ;  ^  A  «»' =  103"  9' ;  J.  Ar^  =  135°  20':  J.Ar*  =  125' 
60':   (7Ar*  =  146'24';   (7a n»  =  135°  40' :  (jAn"  =  135°  41'. 

The  letters  (tlioee  employed  by  Scacchi)  correspond  to  the  following 
symbols  ■. — 

A=0    t  =  14  «»=— 2-*  n.»  =  — 3  r*  =  — f  1  i*=  -  i-i  m»=-6-t. 
0  =  i-i  *>=4-i  ^=     2-»  »»'=     3  7^=     f  i  /=      4-i     »■»=:     i-l 

TwIdi  :  twinniTig  plane  |-*  (±t)  and  i-i  (±1),  (both  having  a  priematio 
angle  nearly  120') ;  also  the  basal  plane  O  (Brewster,  N.  Y,,  f.  593). 
Optio-anal  plane  makes  an  angle  of  26°  with  the  base ;  acute  bineotrix 
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positive,  normal  to  tlie  clinopinacoid  (C).    2Ho=88"  48'  for  rod  ram 
JSrewBter,  N.  Y.  (E.  S.  B.).  2H«=86°  li'-87'  20'  (red  raja),  Sweden,  pesCL) 


The  kV>Te  angles  are  those  pvea  by  DesCloizeanz,  the  aathor's  own  m 
oTj-trtals  bom  Brewster  (not  yet  completed),  point  to  H  amaller  variation  from  the  lectaugnlar 
tyyo,     DeaCloizeitTiic  makes  the  plane  ^'—i-i,  and  r*=I,  r'  —  l,  1^=  —1. 


Monoclinic.  As^  =  133"  40' ;  Ah^  =  133"  W;  A^^  =  125°  13' ; 
^  A  TO  =  114"  55' ;  ^Am»  =  92''  58';  ^  An  =132°  14';  ^A«'=122° 
67';  ^An*=:97''23';^A«*'=97°23';^Ar»  =  131''28  ;^Ar'  =  I23'* 
47' ;  (7a  r"  =132°  50' ;  Ca  /  =  137°  25'.     DesCloizeanx. 

These  letters  (those  employed  by  Scacchi)  coiTeepond  to  the  following 
symbols : — 

A=0      »=4-i    n=    4    n*=— 4    f*=-A-i    r»  =  -W    f»=— j-i 
C=a     .'  =  i-i    tf=-\    n*'=    4    r'=      f-i    **=    fi    7^"=     8-i 

DesCIoizeanx  makes  the  plane  tf"  =  1-1,7*=  ^and  r*  =  —  1,  and  r"  =  1. 
Twins:  twinning-plane  — f-t;  also  the  basal  rlane  (Brewster).  Optic-azial 
plane  makes  an  angle  of  7^°  with  the  base,  Brawster  (Dana) ;  same  angle 
for  Yeflnvian  cryetalB  equals  12°  28'  (Klein),  abont  11°  (DesCl.1.  Acnte 
bisectrix  positive,  nonnal  to  clinopinacoid,  2Ha=84''  40'-S5°  15',  yellow 
(Kl.).=84°  38'-85°  4'  white  crystals,  aiid  =86°  40'-87°  14'  brown  crystals 
(DesCL).     Sections  of  crystals  often  shows  a  complex  twinned  strncturu. 

In  other  physical  and  in  chemical  charec-teiP  these  three  &nb-species  are 
liardly  to  be  distinguished. 

H.=6-6'5.  G.=3"l  18-3*24.  Ltietre  vitreons — resinous.  Color  of 
ciTstals  yellowish-white, citron-yellow,  honey-yellow, hyacinth-red,  brownish 
(VeauviueJ;  also  deep  garnet-red  (Brewster).  Color  of  the  mineral  occui^ 
ring  massive  and  in  ronnded  imbedded  grains  (chondrodite  at  least  in  part) 
as  of  vrystals,  also  sometimes  olive-green,  apple^reen,  gray,  black.  Streak 
white,  or  slightly  yellowish,  or  grayirb.  Transparent — subtranslaceiit. 
Fracture  sabwiicnoidal — uneven. 
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Oomp. — Tlie  chHmiaal  inTeatigBtiDnB  of  BaimmelabeiK  iuod  Tom  Bath  b»ve  wrred  U>  ahov 

•  oonsidemble  varistioa  in  composition  in  the  diffeteat  Taiietiee,  bnt  do  not  give  daddedly 
diflerent  fomnalaa  to  the  tbiee  typos  ot  Soncohi,  that  is.  the  three  minerals  described  above. 
In  general  Q.  ratio  tor  Mg  :  Si=4  :  8  (1^  ;  1),  and  the  formnla  then  Mg,SiiOii ;  or,  m  ]»>• 
(erred  by  Bammelaberg,  Mg' :  Bi=5  :  4  (H  :  1),  and  the  fonnala  ia  then  Mg-iSijOi.  In  ^1 
oaaea  part  of  tho  magneaium  il  repSaoed  b;  iron,  and  part  of  tha  oxygen  by  flnorine  (F|),  tha 
amoant  Tarying  from  &}  to  8^  p.  o.,  bnt  oertainlj  not  dependent  (y.  Eatb  and  Bainm.)  upon 
the  three  trpta. 
Analrse*:—     . 

SiOi    FeO    MgO      F 

8563    512    6445    8-43    CaO  023  AlO.  0-82=99fl8,  t.  Bath. 

S3-2S    2-80    GT-SS    S-Ul    CaOO'74  AIO,  l-0«=100-8a,  TUmn. 

84-10   7-28   53-73    4'14     AlO,  0-48=9972,  Howob. 

33-98    8-83    03-51    4-34      AlO.  0-72=99  28,  t.  Eath. 

i-46    64-92    a-40      .    AlO,  0  24=9996,  v.  Bath. 


I.  Hnmite,  Tssavint, 
IL  ChondrodiM,  Veflnrina, 
IL  Chondrodite,  BrewBter, 
IL  Cbondrodite,  Sireden, 
III.  ClinohumiM,  Vesaviua, 


Cho&drodite(r),N.JeTW7,d8-9T  8-48  58-97   744 


=101 -OS,  I 


Pyr.,  ato. — B.B.  infnaibla ;  M>nia  varletiM  blatien  and  then  bam  white.  Fused  with  mU 
of  phoq>hom8  in  the  open  tabe  gives  a  ruictlon  for  flnorine.  With  the  flaxes  a  Maotiou  tor 
Inm.     Qelatinizas  with  adds.     Heated  with  anlphnric  add  glrea  ofl  silleon  fluoride. 

VIS. — Di«tiiigaiBhiDg  oharacters  ate:  infnsibiUty;  geUtimzing' with  aoida ;  flnorine  tmo- 
Hon  with  snlphoric  acid. 

Ofal. — The  looalities  of  the  crystallized  minerals  have  already  been  mentioned. 

The  gtmnolar  chondrodite  (t)  occurs  mostly  io  limestone.  It  ia  found  in  FJoIand  and 
In  Sweden  ■  nt  Taberg  in  Wennlond ;  at  Boden  in  Baxony ;  on  Looh  Ness  in  Scotland ;  at 
Aohmatovak  in  the  Ural,  eto.  Abnndont  in  the  oonnties  of  Snsaez,  N.  J. ,  and  Orange,- N.  T., 
where  It  Is  associated  with  apineL  In  N.Jertey,  at  Bryam;  at  Sparta;  at  Vernon,  Lookwood, 
and  Franklin.  In  JV.  York,  in  Orooge  Co.,  in  Warwick,  Hooroe,  etc.:  near  Edenville;  at 
the  Tilly  Foster  Iron  Mine,  Brewiter.  Pntnam  Co.  InMau.,  at  Chelmsford.  InPenn.,  new 
Chodaford.     La  Oajiada,  In  litoestone  at  St.  Crosby ;  St.  Jerome  ;  St.  AdAla ;  Qrenville,  eto.. 


TOURM&LIHB.*  TiuDulin,  Qarm. 
Ehombohedral.  SAji  =  103%  OaR-  134'  8' ;  i 


.0-89626.    1AJ  = 


Ooavanenr,  N.T. 


St.  Lawrenoe  Co. ,  H.T, 


IW  69',*  A*  =133'  8',»-2Al»=alW"U',*-aA4»»143*26'.    UbimUt 
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hemihedral,  being  often  nnlike  at  the  opposite  extremities,  or  heminioTphic 
and  the  prisms  often  triangnUr.  Cleavage :  H,  —i.  and  *-3,  diflicult. 
Sometimes  massive  compact  i  also  eolnmnar,  coarse  or  fine,  parallel  oi 
divergent 

H.=7-7'5.  G.=2-94r-3-3.  Lnstre  vitreous.  Color  black,  browrish- 
black,  bluisli-black,  most  comtnon  ;  blue,  green,  red,  and  Bometimea  of  ricb 
shades ;  rarely  white  or  colorless ;  some  apecimena  red  internally  and  green 
externally;  and  others  rod  at  oiie  exti-emity,  and  green,  blue,  or  black  at 
the  other.  Dichroic  (p.  165).  Streak  uncoloi-ed.  Transparent — opaqne ; 
greater  transparency  across  the  prism  than  in  the  line  or  the  axis.  I^rac- 
ture  Bubcionchoidal — uneven.     BnCtle.     Pyroelectric  (p.  169). 

T>r,— 1.  Ordinary.  In  oiystels.  (a)  RubeUiU;  the  red  aometlmM  truupatent.  (i)  Indi- 
«Hit»  ;  tha  bine,  eithe^psle  or  blniih-black ;  nnmed  from  the  inditco-blne  cdIot.  (e)  .tfraajum 
Sapp/urt  (ia  jewelry);  Berlin-blua  and  transparent;  (d)  Brazilian  Emerald,  GhrytoUU  {at 
Peridot)  of  BrazU  ;  green  and  tnuisporent.  (e]  Peridot  of  Cej/lon  ;  honey-rsUow.  (/)  Aeh- 
rvitt;  ooloiiesa  tonrmalme.  from  Elba,  (g)  ApAriaU,'  black  tourmaline,  from  Krageroe, 
Horwoy.  (A)  Columnar  and  blaak  ;  coarse  cola mnar.  Besemblei  somewhat  hoinblende,  bnt 
nas  a  more  resiiioaa  fraotaia,  and  is  withoat  disbiuol  cleaTage  or  anything  like  a  flbrouB 
appearanoe  in  the  textnre. 

Oomp. — Q.  ratio  of  all  varieties  for  B  :  Si=3  ;  3  (Bammelsberg-),  coDseqoentl;  the  gensial 
tonnnlA  ia  B>(Bi,H)SiO(.  B  may  represent  here  H,  E,  Sa,  Li  -  also  B=Mg(Ca).Fe.Hn,  and 
B=A1,B| ;  farther  than  thia  the  Si  is  often  in  iiart;  replaced  by  Fg.  BammelBbeTg  distin- 
ffoishes  t^  groups,  where  the  Q.  ratio  for  B  :  Al  :  Si=3  :  (I  :  8,  and  {2)  witti  Oie  Q.  ratio  for 
B  :  ^  :  Si  =  l  :  8  :  8.     In  the  first  group  faU  moat  of  Uie  yellow,  brown,  and  block  varieties, 


appearing  most  promineitt,  especially  lithium.     The  general  formula  is  Bi(B,)fi,Si,Oii. 

Several  distinct  varieties  are  made  nnddi  these  gronps,  which  will  bo  sufficiently  iUnstiated 
by  the  following  analyses,  by  Bsmmelaberg.  I.  Oouveineur,  brown.;  O.  =ii'OJB.  II.  Haddam, 
Mack;  a.=3  136.  UI.  Goshen,  bluiah-black;  G.=3-203.  IV.  Paris,  Me.,  red;  0.=3-«ll>. 
V.  Chestco^eld,  Mass.,  green;  Q.  =3-069. 

SiO,    B,0,  *10,  FeO  MnO  MgO  CaO  Na^O  K,0  ti.O  P  H,0 

I.  «8-85   (8-36)  81-83  lU  —  14  89  1-80  1-38  0-2fl  —  —  2-31=100-00 

n.  87-50    (Q-Oai  80-87  8-M  —  8-60  1-33  ItK)  0-73  —  —  1-8I=100-00 

m.  8«-23  10-65  SS'Se  11-95  1'2S  0-63  —  1-7S  0'40  0-84  0-62  2-21=100-82 

IV.   8819     9-97  i2-63      1-94  039  0-45  2-60  0-88  117  118  2  00=10020 

V.  88-46    9-73  8080  6-38  0-78  1-88  —  247  047  0-72  0-5S  2-31=100-60 

Fyr.,  etc. — I.  fuse  ratliei  easily  to  a  white  blebby  glass  or  slag ;  II.  fuse  with  a  strong  heat 
to  ablebby  slag  or  enamel ;  III.  fuse  with  difficulty,  or,  in  some,  only  on  tha  edges;  IT.  fuse 
on  the  edges,  and  often  with  great  difflunlty,  and  some  are  infusible  ;  V.  iofusible,  but  becum- 
ing  white  or  paler.  With  the  Bmea  many  vaiietiea  give  rcaclions  tor  iron  and  manganese. 
FuBPd  with  a  mixture  of  potassium  bisulphate  and  flnorite  gives  a  strong  reaction  for  boraoie 
acid.  By  heat  alone  tonrmaline  loses  weight  from  the  evolntioa  of  silicon  ttuoride  and  per- 
haps aUo  boron  fluoridd ;  and  only  after  previous  ignition  is  the  mineral  completely  decern- 
poeed  by  flu ohydric  acid.  Not  decomposed  by  aoids  (Bamm.].  After  fusion  perfectly  dooom- 
pMed  by  snlphnrio  acid  {v.  Kobell), 

OIB. — Distinguished  by  its  form,  occurring  oommonly  in  three-sided,  or  aiz-sided  prisms; 
abaenoe  of  cleavage  (nnlike  hornblende).  It  ia  leaa  ee^ly  fusible  than  garnet  or  vesuvianitd- 
B.B.  (see  above)  gives  a  grvea  flame  (boron], 

Obs. — Tonrmaline  isusualiyfonnd  in  granite,  gneias.  syenite,  mica,chloriticoTtiilcofie  sobist, 
dolomite,  granular  limestone,  and  Bometimes  in  sandatone  near  dykes  of  Igneoua  rocka.  Th« 
Tarlet<y  in  graDolar  limestone  or  dolomite  ia  commonly  brown. 

Prominent  localities  are  KatJierinenburg  in  Siberia ;  Elba ;  Windisch  Enppetl  in  Carintliia  ; 
Botena;  Airoto,  Switzerland;  St  Oothard.  In  G-reat  Britain.  Bovcy  Tracey  in  Dctod  ; 
Cornwall,  at  different  localities ;  Aberdeen  in  Scotland,  etc. 

In  the  U.  States,  inifatn^,  at  Paris  and  Hebron.  In  jfiut. ,  at  Ctiesterfleld ;  atOcahen,  fa;u& 
bJV.  £antp.,QrattaD;  AowDrtb,eto.   In  C<»nn..«tlIonTae  and  Haddam,  black,   la  Jf,  Fork, 


..,l,^H 
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aeiiiOonT«meiu;  neaiFort  Hemy,  Essex  Go.,  enolodog  orthooIaM  (ses  p.  109);  Pierrepont; 
near  EdauriUe.  In  Penn. ,  near  TJnionTille ;  at  Chestei ;  Mddletown,  and  eisswhare.  In 
CaTiada,  at  Q.  GalDinet  Id. ;  at  Fituroj,  0.  W. ;  at  Hnntentown,  O.  K ;  at  Bathnrat  ane 
GlmBlej,  C.  W. 

OsHirniiTB.— Tetragonal  Color  pByiah-green.  Q.  ratio  for  B  :  B  :  Si=8  ;  3  :  4,  or  8  :  3 
for  bases  and  silicon.  FormolaCaiflSiiOn,  with  it=iVl  :  Fe=6  :  1 ;  this  requires  SilioaSO-S, 
alnmina  21 'fi,  Iron  sesquiozido  6 -6.  lime  1-20=100.     Mt.  Monxoni,  Fasaathal,  T710I. 


AMDAI.USITB. 


/ 


Ortliorhombic.     I A 1=  90°  48',  O  M-t  =  144°  32' ;  ^  :  2  :  d  =  0-71241 

:  1'01405  ;  1.     Cleavage  :  /  perfeot  in  crystals  from 
Brazil;  i-i  less  perfect;  i-i  in  traces.     Massive,  im-  608 

perfetitlv  coliiiniiar,  Bometiines  radiated,  and  granular. 
H.=7'5  ;  in  some  opaque  kinds  3-6.  G.  =  3'05- 
8-35,  mostly  3-1-3-2.  Lustre  vitreous  ;  often  weak. 
Color  whitish,  rose-red,  fiesh-red,  violet,  pearl-gray, 
reddish-brown,  olive-green.  Streak  uncolored.  Trans- 
parent to  opaqne,  usually  subti-anshicent.  Fracture 
an  even,  subconchoidal. 

Var. — I.  OrHiaary,  H.  =.-7-5  on  the  luual  face,  If  not  elaewhere. 
9.  Ohiaitt^Ut  (macle},  Sterling,  Hass,  Stout  crjatala  haxing  Uie 
axis  and  anglM  of  a  different  color  from  tlie  rest,  owing-  to  a  lega- 
lar  STTangement  of  impurities  tlirongh  the  interior,  and  hence  ex- 
Utitisg  a  colored  cross,  or  a  teseelated  appearance  in  a  tmnsverse 
•ection.  II.=8-T'5,  vaijing  mnch  with  the  degree  of  impoiity. 
Tbo  folloiringSgnreBhowB  sections  of  some  cryHtolB  (see  also  p.  110). 

604 

Oomp.— Q.  ratio  foi  ft  1  Si=8  :  3;  A13iO,=Silioa36-9,  alnmina63'l=100.  Sometimes  a 
UUIe  F^.  is  present 

Fjrr.,  atc.—B.  B.  infusible.  With  cobalt  solution  gives  a  bine  color.  TSot  decomposed  by 
Adds.     Decomposed  on  fusion  with  canstic  alkalies  and  alkaline  carbonates. 

Diff — Distinguishing  characters  ;  infnsibilit?  ;  hardness;  and  the  form,  being  nearly  that 
of  a  square  prism,  nnlike  stauroUte. 

Obs. — Mo«t  common  in  argillaceous  schist,  or  other  schists  imperfectly  crystalline :  also  in 
gneiss,  mica  schist,  and  related  rocks.  Found  in  Spain,  in  Andalosia,  and  thcnoe  the  nama 
of  the  species ;  in  the  Tyrol,  Lisena  Tslley ;  in  Saxony,  at  Brfiansdorf,  and  elsewhere.  lo 
Ireland.  In  Bcotil.  prorince  of  Mines  Oeraes  (transparent).  Oommon  in  orystalllne  nxju  fA 
"Sew  Oigland  and  Canada ;  good  ciTstals  have  been  obtained  in  Delaware  Co.,  Penn.,  «to^- 
•Uo  in  California ;  in  Hhss..  at  Sterling  (eMa»UMt»), 

VXEROLTTE.    BnohoMto.    Sillimanite. 

OrtborlioHibic.  /a  /=  96°  to  98°  in  the  smoothest  crystals ;  nsnully  lai^i, 
tie  faces  /  striated,  and  pasaiug  into  *-S.  Cleavage  ;  i-i  very  perfect,  bril- 
liant Crystals  commonly  long  and  slender.  Also  fibrous  or  eolnnnnai 
ntaDsivc,  sometimes  radiatina. 

■  r.ii,/j-;.>^.t.n.i>,;n^ 


DBBOBIPnTB  lONEBAUXFr. 


DATOUTB.    HDinboldtfte. 


Monoclinic.  ^=89"  W=0  {he\ow)  A  U,  IaI=1U°  3',  OAl.i  = 
162°  27' ;  i:h:d  =  0-49695  : 1-5712  : 1.  0  A  -2-*  =  ISS"  IS'  (?A  1  = 
149"  33',  I A  /front  =  115°  3',  2-i  A  24,  ov,  (?,  =  115°  21',  i-i  A  i-i,  ov.  i-i, 
s=  76*  18',  4-i  A  4-i,  ov.  0,  =  76°  88.  Cleavage :  O  distinct.  Aleo  botir- 
oidal  and  globular,  having  a  columnar  atrtititure ;  aleo  divergent  and  nwi- 
ating ;  also  maasive,  granular  to  compact 


BeiKenHm. 


H.=5-6-5.  G.=2-8-3 ;  2-989,  Arendal,  Haidinger.  Lustre  I'itreona, 
rarely  BubresinonB  on  a  surface  of  fracture  ;  color  white ;  sometimeB  gray- 
ish, pale-green,  yellow,  red,  or  amethystine,  rarely  dirty  olive-green  or 
honey-yellow.  Streak  white.  Translucent ;  rarely  opaque  white.  Frac- 
ture uneven,  subconchoidal.  Brittle.  Plane  of  optic-axes  i-l;  angle  of 
divergence  very  obtuse ;  bisectrix  makes  an  angle  oi  4"  with  a  normal  to  i-i 


Tar— 1.  Ordinary.    la  o^stsls,  glaa^  in  a^eot.    Vmui  foima  ai 


inSpuea.    S  Coii^met 


oxTUEK  ooHFotntDa — ahhtdboub  siluuteb,  33d 

momAml  White  opaqoe,  brenklii?  with  fbe  snrfftM  of  poroeloiii  ox  Wedf^wood  waie.  From 
tiie  L,  STiperior  region.  S.  Botryoidai  ;  Botryotiie.  Badiated  columnar,  haring  a  botrjoidal 
mrfaco,  aitd  cuntaining  more  water  than  the  ciystals.  The  original  looatit;  of  both  the  erys- 
talliEcd  and  botr^oid^  was  AreDdal,  Nornay.  Maglorite  is  dltolite  alt^ed  to  dulcedoi^, 
bom  the  Ha;tor  Iroa  Mine,  EngUnd. 

Oomp— Q.  ratio  for  H  :  Ca  :  B  :  Si=l  :  2  :  3  :  4,  like  enclase:  formola H,0fliB,Si,Oit= 
BiUoa  37-6,  iKiroa  trioiide  21-9,  lima  35  ■0,wftter5e  =  100.  BottyolitecontainglO-Ojp.o.  watei. 

Pyr.,  etc. — In  the  closed  tube  gives  oS  mach  water,  B.B.  fuses  at  S  with  inttuaesoonoe  to 
a  olear  glass,  coloring  the  Siuna  bright  green.    QslatiniEes  with  bjdroahlorio  acid, 

DIfL — Diatinguisbing  charactets ;  glaaey  lustre;  usoaUy  complex  crystallization;  B.B. 
foBOB  easily  wi  ^  a  green  dame  ;  gelatiatzes  witb  acida. 

Oba. — Datolite  is  foand  in  trappeon  rocks  ;  also  in  gneiss,  diorTte,  and  serpantiDe  ;  in  me- 
tallic reins ;  sometimes  also  in  beds  of  iron  ore.  Found  in  Sootland  ;  at  Aiendai ;  at  Andreas- 
berg  ;  at  Baveno  near  Lago  Maggioie ;  at  the  Seisser  Alp,  Tyrol ;  at  Toggiona  in  Uodena,  in 
■erpentine.  In  good  specimens  at  Boaiijig  Brook,  near  New  Haven ;  also  at  many  other 
looalities  in  the  trap  rooks  of  Connectiant:  in  N.  JerseT,  at  Bergen  Bill ;  in  the  Lake  Saperioi 
region,  and  oa  Isle  Boyale.    Son  Carlos,  uijo  Co.,  Cal.,  with  garnet  and  vesnvianite. 


' '     TTTAMrnei.*  sphenk, 

Monoclinic.  C  =  60°  17' =  0  A  i-i ;  /A /  =  113"  31',  0  A 14=  169* 
S9'7  c~:'5  :  d  —  0-56586  : 1-3251  ;  1.  Cleavage:  /'sometimes  neai-Iy  per- 
fect.; 4-4  and  — -1  much  less  so ;  rarely  (Tii  greenovitoj  2  easy,  —2  less  so ; 
Bornetimea  hemiinoiphic.  Twins:  twiiiiiiiig-plane  »-* ;  usually  prodm 
thin  tables  with  a  reentering  angle  along  one  side ;  eomctimcB  elongi 
as  in  f.  623.     Sometimes  massive,  coinpaut ;  rarely  lamellar. 


Ledbdte.  SptnthSre.        Bchwatienctd^ 

IL=8-5-5.     G.=8'4— 3-56.    Lustre  adamantine — resinous.    Coloi  brown, 

gray,  yellow,  grnen,  and  black.     Streak  white,  slightly  reddish  in  greeuovite 


DSeOBIPTtVB  UmEBiXOOT. 


Transparent— opaque.  Biittlo.  Optic-axial  plane  i-i  ;  bisectrix  pceitive 
Tery  closely  noniial  to  1-i  {x) ;  double  lefraction  strong  j  axi'al  divergeuco 
SS'-Se-  for  the  red  I'ays,  40°-^''  for  the  blue ;  DesCI. 


=100. 

Vox. —  OrdtTuiry.  {a)  rifaiiits  /  brown  to  block,  the  odgina]  being  thoa  colored,  also  opaqna 
•K  sabtmnslncent.  (6)  Sphtne  IflaxooA  iioni  a^y,  attadge)  \  of  lighC  nhades,  as  jellow,  jtcbii- 
lah,  etc.,  and  often  tranelucent;  tbe  arigmal  waa  yellow,  ifanganaian  ;  Qreenoctte.  B«d 
or  rose-coloTed,  owing;  to  the  pregenoe  of  a  littla  manganeae.  In  the  cryatalB  there  ia  a  great 
diveiBttj  of  form,  nriKing'  fiooi  an  elongation  or  not  into  a  prism,  and  froiB  the  ocKncrenm  ol 
the  elongotiOD  in  the  direction  of  difieront  diameterB  of  the  lumlamental  form. 

Pyr.,  stc. — B.  B.  some  varjetica  change  color,  becoming  yellow,  and  fase  at  S  with  intd- 
meaoenoe,  to  a  yellow,  hrown,  or  black  glass.  With  borax  they  afford  a  clear  yellowish -green 
glass.  Imperfectly  Bolnble  in  heiited  hydrochloiic  acid :  and  if  the  aolntion  he  concaattated 
along  with  tin.  it  becomea  of  a  fine  violet  color.  Witn  Bait  of  phosphomB  in  R.F,  gives  a 
TJolet  bead ;  Tsrietiea  oontoining  maoh  iron  require  to  be  treated  with  the  ftax,  on  charoool 
with  metallic  tin.     Completely  decomposed  by  anlphano  and  Iluohydric  acids. 

I>ifi^The  reainoua  lustra  is  very  characteristic  ;  and  its  commonly  occurring  wedge-shaped 
.  form.     B.B.  gives  a  titoninm  reaction. 

Ob* Titanite  occura  in  imbedded  aryBlala,  in  granite,  gneiw,  mica  achiat,  syenite,  ohlorita 

•ohiat,  and  gninular  limeatone  \  also  in  beda  of  iron  ore,  and  volcanic  rocka,  and  often  aaso- 
oiatod  with  pyroxene,  hornblende,  chlorite,  scapolite,  zircon,  etc.  Foond  at  St.  Oothard,  and 
alaewhere  in  the  AJpa  ;  in  the  protogino  of  Chamouni  [jiictHe.,  Sans.);  at  Ala,  Piedmont 
{Ugurite);  at  Arendal.  in  Norway  ;  at  Achmatovsk,  Urals ;  at  St.  Harcelin  Piedmont  i^^iri' 
otite.  Oat.) ;  at  SchwaiTenstein.  Tyrol ;  in  the  Unteraulzbachthol  in  Pinzgan  ;  near  Tavistock 
near  Tremadoo,  in  North  Woles. 

Occurs  in  Canada,  at  arenville,  Ehnaiey.  etc.  In  M^ine,  at  Sanfoid.  In  Man.,  at  Bol 
ton  ;  at  Pelham.  In  y.  Talk,  at  Oonvemenr  ;  at  Dioua,  in  dark-biown  cryatala  {ftdrriW) ; 
in  Orange  Co. ;  near  Edenville ;  near  Warwick.  In  N.  jarney,  zX  Franklin.  In  Penn. ,  Bncka 
Co.,  near  Attleboro", 

GuARiNiTE.— Same  composition  aa  titonite,  but  □rthorhomhio  (v.  Lsng  and  Guiscardi)  in 
oiyataUiEBtioa.     Color  yellow.     Mt.  Summa. 

KeiLHAUiTB  (Xttrotitanite). — Hear  ephene  in  form  and  ciimposltion,  bub  oontoining  aln- 
mino  and  yttria.     Arenda],  Norway. 

TscfiEFrKiNiTB. — Analogoua  to  keilhanite  In  oompoaiUoD,  containing*  b««idea  titanium, 
also  cerium  tLa,Di).    Oocnia  inauive.    Umen  Hta. 


STAUROUm. 


Orthorhombie.    /A  7  =  129°  20',  0M-\  =  124"  46' :  cil'.d  =  1-4406 
:  211233  : 1.    Cleavage :  i-l  distinct,  but  interrupted ;  2  in  traces.    Twiiia 


BTUciform :  twinning-plane  £- j  (f.  62S) ;  ft  (f.  629) ;  and  H  (f-  630).    Hg. 


OZTOKR    OOMPOnUDB — HTDR0C9   SUJOATSS.  839 

Oomp. — ComponUoti  TUiea  maofa  tlirotigh  impuiitiaE,  u  with  other  amorphoua  mbBtaaoos, 
•MoltiDg  from  altprsdoii.  As  tha  silica  has  been  derived  from  the  decompoeition  of  othei 
■ilicaten,  it  is  natural  that  an  exoesa  should  appear  in  many  analyses.  Tme  ohiysoooUk  cot- 
responds  to  the  Q  ratio  for  Cu  :  Si  :  H,  1:3:  3=Cu3iOi+2aq= Silica  84'3,  oopi>er  oxide 
aa,  waKr  20-5  =  100.  Bnt  same  analjsea  afford  1  :  2  :  8,  and  1  :  3  :  4.  Impure  ohryaocoUa 
ais7  oontaio,  beeidea  free  lilioa,  rarioui  other  impaiities,  the  oolor  TarTinKfrombLui^-greeii 
to  blown  and  blaok,  the  last  eapeciall/  when  manganese  or  copper  is  preseot. 

Fyr^eto— In  the  closed  tube  blaokeiu  and  yields  water.  B.B.  deorepitates,  colon  the 
flame  emerald  Krcea,  buC  is  infusible.  With  the  fiuzes  gives  the  reoctiona  for  copper.  With 
wda  and  oborooal  a  globule  of  metallic  copper.    Decomposed  b;  aoids  without  gelsdnizatioa. 

Dlff — Color  more  bloish-^reen  than  that  of  malaohite,  and  it  does  not  eflerresoe  with 

Oba. — Accompanies  oUier  copper  ores,  oconrrlng  e«peolall;  In  the  upper  part  of  Ytiaa, 
Found  In  most  copper  mines  inOomwoIl;  at  Libethen  in  Hungary  i  at  Falkansteln  and 
Bohwati  in  the  Tyrol  •  in  Siberia ;  the  Bannat ;  Thuringia ;  Schneeberg,  Saxony  ;  Enpfei* 
berg,  BaTsxia;  South  Australia;  Chili,  eta,  Jn  Somerville  ami  Schuyler's  mines,  New  JerssTi 
■t  Morgantown,  Pa. ;  at  Comwall,  Lebanon  Oo.  ;  Nova  Scoda,  at  the  Basin  of  Hlitee ;  auo 
In  Wisconsin  and  Hiohigan. 

DuUDorFmi  OrAtroOHAUnrB ;  BEa&mrB;  near  chrysooolla. 

Oataplxhtx.— Analysis  (Bamm.),  BiO.  89-78,  ZiO.  40-13,  OoO  S-40.  Na,0  7-09,  H.O  S-U 
slOO'18.     HexagonoL     Oolor  yellowish-biowi^     LomOe,  neat  Brerig,  Norw^. 


B.  UNISILICATES. 


V 


OAZ.AMIHB.    Qalmel;  Kiowldnken,  Otrm. 


Orlborhombic ;  hemimorphic-hemihedral.    /a/=104°  13',  OfilAs 
148°  31',  JDaubar ;  i:Z:d=  0  6124  : 1-2850  :  1.    Cleav- 
a^;  /,  perfect;  O,  in  traces.    Also stalactitic,  maiiiQiil-  034 

lated,  botryoidal,  and  fibrous  forms;   also   massive  and 
grannlar. 

H.=4-5-5,  the  latter  when  crystallized.  G.=3-16-3-9. 
Lnstre  viti-eous,  0  suhpearly,  sometimes  adamantine.  Oilor 
white ;  sometimes  with  a  delicate  blnish  or  greenish  shade ; 
also  yellowish  to  brown.  Streak  wliite.  Transpai-ent — 
translucent     Fracture  nneven.     Brittle.     Fjroclectric. 

Oomp.— Q.  mUo  fOT  B  !  M  t  H=l  :  1  :  i  ;  Zn,8iO,+»q= Silica  250, 
duo  oxide  OrS,  water  7-0=100. 

Pyr.,  etc — In  tlw  oloeed  tube  decrepitates,  whitens,  and  gives  off 
watet.     B.S.  almoit infuslbla  (F.=6);  moistened  with  cobalt  solntlon 

eres  a  greeu  color  when  heated.  On  charcoal  with  soda  gives  a  coating  which  is  yellow  irtiU* 
t,  and  white  on  oooling.  Moistened  with  oobatt  solnUon.  and  heated  in  O.F.,  this  coaling 
•asnme*  a  bright  green  oolor.  Gelatinise*  with  aolds  even  when  previously  Ignited.  Decom- 
posed by  aoetio  aoid  with  gektdniiation.     Solnble  In  a  strong  solution  of  cmustio  potash. 


Mlcnieona  rooks  oooompanying  blende,  ores  of  iron,  and  lead,  b«  at  Alx  la  Chapelle ;  Bleibeqt 
in  Oarinthia  ;  Bettbonyn ;  Schemnits.  At  Booghten  Gill  in  Combeiland  ;  it  Alston  Uoori 
near  Uatlook  in  Derb^ire ;  at  OosUeton ;  Leadhills,  Scotland. 

In  the  United  St&tee  ocours  with  smithmnite  in  JefTerson  oounty,  HissontL  At  SUrlIng 
Hill,  N.  J.  In  PemuylTaoia,  at  the  Petkiomen  and  PhenixTiIle  lead  mineii :  at  Bethlehem ; 
■t  Friedonsville.     Abundant  in  Tiisinla,  at  Austin's  mine*.  .       ^.  it.li.  ivi^ 


DEBCSIPTIVB  mSKBALOOT 


/ 


Orthorhombic.  /  A  /=  99°  56',  0  A 14  =  146"  11  J' ;  i:i:a  =  0-689fi8 
:  1-19035  : 1.  Cleavage:  basal,  distinct.  Tabular  cryBtale  often  united  b; 
O,  making  broken  forme,  often  barrel-shaped .  UsuaUy  reniform,  globiilar, 
and  Btalactitic  witli  a  crystalline  surface.  Structure  imperfectly  columnar 
or  lamellar,  strongly  colierent ;  also  compact  granular  or  impalpable. 

H.=6-6'5.  G.=2-8-2-953.  Lnstre  vitreous;  0  weak  pearly.  Color 
light  green,  oil-green,  passing  into  white  and  gray  ;  often  fading  on  expo- 
Bure.  Subtransparent — translucent;  streak  uncolored.  Fracture  uneven. 
Somewhat  brittle. 

Oomp.— Q.  ntio  foe  B  :  R  :  Si  :  H=3  :  8  :  0  : 1,  whence.  If  the  water  is  basic,  for  biiwt 
and  ailicon.  1:1;  formula  HiO*,^Si,0„  or  Oa(Aiat,0,,4-aq=Silioa  43'Q,  alumina  34-S, 
Umea7-1,  iiratBr4'4=100. 

Pyr.,  etc — In  the  olosad  tube  yields  watat.  B.  B.  fuses  at  2  with  mtumeBceaoe  to  a  I>leb1» 
enamel-like  g^lasa.  Deoaropoeed  bj  hydioohlaiic  acid  without  gelatinizing.  CoupAoliie,  whiui 
often  contains  dust  or  vegetable  matter,  blackens  and  emitn  a  biimt  odor. 

I>l£f.-_B,B.  fuses  leadily,  unlike  beryl  and  chalcedony.  Its  baldness  is  greater  than  tliat  of 
Qie  Eeolit«B. 

Obs.— OctnUB  In  granite,  gneiss,  syenite,  dioiyte,  and  trappean  rocks  especially  the  Ust. 
At  Bon^  d'Oisans  In  bire ;  in  the  Powathal,  Tyrol ;  Ala  in  Piedmont ;  Joachimsthal  in 
Bohemia  ;  near  Andreasberg ;  Arendal,  Norway ;  .£delfuiB  in  Sweden ;  in  Ptunbartonshire  ; 
in  Benf  rewshiie. 

In  the  United  States,  in  Connecticat ;  Bergen  WU,  N.  J. ;  on  north  shore  of  Lake  Snperior ; 
in  large  veins  in  the  Iiake  Snperior  copper  region. 

Ghlorabtrolite  and  ZonocbIiOKite  from  Iioke  Superior  aro  mixtotes,  m  shown  by 
Hawes. 

Tillahsttb. — Probably  an  altered  chrysolite.  Formula  B,SiOi4-iaq(oiH<l)B=Hg  :  F« 
=11  :  1.     Traversella, 

Cbbite,  Sweden,  and  Tritoiotb,  Norway,  contain  cerinin,  lanthannm,  and  didymitun. 
THoarre  and  Obahoitr  contain  thorinm      Norway. 

PABATHORrrK. — In  minnte  orthorhombio  ciystahi,  Imbedded  In  dsnbnrite  at  Danbnry,  Ob 
Ohemical  nature  unknown. 

PTROSUALiTB._Analysis  by  Lndwig,  SiO,  8406,  FeO  37-00,  MnO  25-60,  CaO 0-53,  UgO 
0-03,  H,0  8-S1,  O14'88-10L'8S.  In  hexsgonol  tables.  Color blackiah-green.  Nya-Koppai- 
berg,  eta.,  Sweden. 


APOPBYI^LTTB,* 


Tetragonal.     £>Al-i  =  128'  38';  (J  =  1-3515. 


Crystals  sometimes  nearly 
cylindrical  or  barrel- 
shaped.  Twine ;  twin- 
ning-plane  the  octahe- 
dron 1.  Cleavage :  0 
highly  perfect;  /  leas 
BO.  Also  massive  and 
lamellar. 

^.=4■5-5.  a==a-8- 

2-4.  Lustre  of  O. pearly; 
of  the  other  faces  vitre- 
ous. Color  white,  or 
grayish ;  occasionally 
with  a  greenish,  yellow- 
ish,or  rose- red  tint,  flesh 
opaque.     Brittle^ 


OXTOXR  ooicronMDa — HrDBOtre  bujoates.  3il 

Oomp. — Q  ratio  for  B  :  Si  :  H  nanally  ta^en  as  1  :  4  :  !,  put  of  the  oz;g«ii  lepUued  b7 
taorine  (F|).  Aocoiding  to  Bammel«b«rg  the  ratio  ia  9  i  flS  :  16 ;  he  wriMs  the  formula 
t(HiCaSi,Oi+aq)-l-EF.  This  cequiree ;  Siliott  G3'9T,  lime  31-72,  potash  320,  wrt«r  ISilO. 
fluorine  3'10=100'B9.  It  may  bo  taken  aa  a  nniailioate  if  part  of  the  allioa  is  oontideced 
mxxtaarj. 

Pyr^  eto.--In  the  dosed  tube  exfoliates,  whitecii,  and  jdelda  water,  whioh  react*  ooiiL  la 
tbe  open  tuba,  whenfnaedwithaaltof  phoaphonu.giTeaaflaorinereaotloil,  B.B.  exfoUat««, 
ooIms  the  flune  violet  (potash),  and  foaes  to  a  nrhiM  veeicalar  enamel.  F.  =  I'5.  Decern- 
pcned  hy  hf  dnxjiloric  aoid,  with  separation  of  slimj  silica. 

Dl£ — DiAtingiiiahing  chaiactera ;  ita  oocorzenoe  in  aqnaio  priams ;  its  perfect  boaal  olear- 
tgo,  Mid  pearl;  tnatra  on  the  baae. 

Obi — Occim  commoolr  in  amygdaloid  and  related  rooks,  with  Tarions  leolltea ;  also  ooc&- 
sionally  in  cavities  in  eranite,  gneiss,  eto.  Qroenland,  Iceland,  the  FarOe  Islands,  Andreas- 
berg,  tAe  Syhadree  Mountaina  in  Bombay,  afford  fine  specimens.  In  America,  toond  in 
NoTa  Bootia  ;  Beigen  Hill,  N.  J.;  the  Cliff  mine.  Lake  Superior  region. 

OnAiiCOiiOHPHiTKi  {v.  Rath),  from  limestone  incloanres  in  the  lava  of  Niedermendig:. 
HexagunaL     fisaentially  an  hydrauH  oaloinm  silioate. 

Bdihotokitb.— AniJysU  b;  Heddle,  SiO,  8S-98,  AlO,  28-63,  BaO  36  SI,  OaO  tr,  NatO  tr., 
H,0 13-48=98-01.    TetragonoL     Dnmbarton,  Sootland. 

GiBUOHDITB.— Analysis,  Mangnao,  SiO,  89-88,  lUO.  27-28,  CaO  1312,5(0 3-85,  HiOSl-10 
=100'1B.     Oapo  di  Bove,  near  Bome  ;  Banragarten,  near  Qienen,  eto. 

Oabfsolitb.— In  radiated  tofts  in  the  tin  nine*  of  Soblaokeuwald ;  Wippra  tn  the  Ear*. 
Bum  most^  In  aewiaioidde  state  (Ai,Uii,Fe). 


SUBSUJCATES, 


AIXOFHAKB. 


Amorpboits.  In  incrnststionB,  neaally  thin,  with  a  mammilUr;  snrfacu, 
and  hjalite-like  ;  sometiinea  stalaotitiu.     Occasionally  almost  palvemleut. 

H,=3.  G.=l-85-l-89.  Lustre  vitreous  to  BiibrestiioiiB;  bright  and 
waxy  internally.  Color  pale  sky-blue,  sometimes  greenish  to  deep  green, 
brown,  yellow,  or  colorfess.  Streak  uneolored.  Translucent.  Fracture 
imperfectly  coDcboidal  and  shining,  to  eai'tbj.    Very  brittle. 

Oomp.— ^  ratio  for  41  :  SI :  H,  mostlj=8  :  3  :  6  (or  S) ;  AISiOt+Aaq,  or  iUSiO,+6*q= 
Silioa  3il-73,  alumina  40-02,  water  85-68  =  100.  Ptun^aUotAant,  from  Sardinia,  oontaiiu  ■ 
litUelead. 

The  oolorinjc  matter  of  the  bine  variety  ia  dne  to  traoaa  of  ohrysocoUa,  the  green  to  mala- 
ohite,  and  that  of  the  yellowish  and  brown  to  iron. 

Pyr.,  eto — Yields  much  *ater  in  tbe  closed  tube.  B.B.  ommbles.  but  is  infusible.  GlTea 
a  Une  color  with  oobalt  aolntion.     tielatinixes  with  hydrochloric  aoid. 

Oba — AUophane  is  regarded  as  a  result  of  the  decompositioa  of  some  aluminous  ailicata 
(feldspar,  ete.)  ■  and  it  often  ocunrs  incnuting  flssures  or  cavities  in  mines,  especially  thoM 
of  oopper  and  limonite,  and  even  in  beds  of  coal  Found  at  Scbaeeberg  in  SoTcon;  ;  at  Qert- 
baofa ;  at  the  Chessy  copper  mine,  near  Lyons ;  near  Woolwich,  in  Kent,  England.  In  tha 
C  S.  it  occurs  at  Bichmond,  Mass.;  at  the  Friedeosville  zino  mines,  Pa.,  eto. 

COLITBITB. — A  hydrous  silicate  of  aluminum.  Clay-like  in  structure,  white.  BoK^ 
England;   Schemniti. 

Ua^NOPDANK,  fnini  Sileda,  and  UaANOTiLB  ,  tnm  Wolaendorf,  Bavaria,  are  wiH'>ntwi  aca 


SBSOBIPrlVE  HIKES ALOOT. 


II.  Zeolite  SEcnoa. 
^BOMSONITB.    Coinptoiil]& 

/A  /=  90"  40' ;  Oh \-l=  144"  d' -,  6:l:d  =07225  ; 
I'OllT  :  1.     Cleavage:  i-»  easily  obtained  ;  i-i  less  sc  ; 

0  in  traces.  Twins ;  cruciform,  having  the  vertical 
axis  in  common.  Also  columnar,  structure  radiated ; 
in  radiated  spherical  coovi-etiuus ;  also  amorphouB  and 
compact. 

H.=5-5-5.  G.=2-3-2-4.  Viti-eona,  more  or  less 
pearly.  Snow-white;  impure  varieties  brawn.  Streak 
uiicolored.  Transparent — translucent.  Fracture  uneven. 
Brittle.  Pyrooleclnc.  Double  refraction  weak  ;  optic- 
axial   plane   parallel   to    O;  bisectrix   positive,   normal 

82°-8ai°  for  red  rays,  from  Dumbarton ;  DesCl. 

Var. — Ordinary,  (a)  lu  regular  OTyBtals,  Tuually  more  oj  len  reotongnlur  in  outline,  (h) 
Tn  Blender  pmma,  often  vesicalar  to  ndisted,  (c)  Radiated  Sbioaa.  {d)  lipherlciLi  coiune- 
Uoni,  ooRRiBtiiig  of  ndiated  fibres  oi  Blender  cijfltols.  \s)  Massive,  gruinlar  to  impalpable, 
uid  irbite  to  reddiBh-biowo.     OzarldU  ia  massive  tbomsomte  ;  rauite  (Norwa?)  is  related. 

Oomp.— Q,  ratio  for  R(  =  C«,Na,)  :  ft^^l)  :  Si  :  H=I  ;  3  :  4  :  Si,  Ca  :  Na,=2  :  1,  or  8  :  1  ; 
(ormola  3(Ca,Nai)A1Si]Oi,+5aq.  Analyaia,  BammeUbers,  Dnmbartou,  biOi  88-09,  AlO, 
31  '62,  CttO  12-flO,  N»,0  463,  H,0  13-40=100-20. 

E>7r.,  etc.~At  a  red  lieat  loans  ISS  p.  o,  of  water,  and  the  mineral  beoomes  foeed  to  • 
vhite  enamel.  B.B.  f Dsea  with  intnmeaoence  at  2  to  a  white  euamaL  Oelatinize*  witb 
bydroobloTio  add. 

Oba, — Found  in  cnvitlea  in  lava  and  other  igneous  rocks  ■  and  alao  in  some  metaniorphie 
locks,  with  eltBolite.  Oooan  near  Kilpatrick,  Scotland  ;  in  the  lavas  of  Soaiau.  {compUmiUi)  i 
in  Bohenua;  in  Siciljr ;  in  Faroe ;  the  Tyrol,  at  Theiss;  at  Uonioni,  FMsatbal ;  at  Peter*! 
Point,  Hora  Sootia ;  at  Magnet  Cove,  Aikausoa  [oearkile). 


to  i-i ;  divergt 


HATROUTB.    Hesotjpe.    IfadelMoUtb,  Oerm, 

Orthorhombic     7a/=91°,    Oa1-»=144''  23';  c  :  3  ;  d  =  0-35825  : 
l-on6  :  1.     Crystals  usually  slender,  often  acicular ;  fre- 
<H0  qucntly  interlacing  ;  divergent,  or  stellate.     Also  fibrous, 

radiating,  massive,  granular,  or  compact. 

H.=5-5-5.  G.=217-2-36 ;  2-249,  Bergen  HiU, 
Brush.  Lustre  vitreonfi,  sfuiietimos  inclining  to  pearly, 
especially  in  fibrous  varieties.  Color  white,  or  colorless; 
also  grayish,  yellowish,  reddisli  to  red.  Streak  uncoloi-ed. 
Ti-anap  a  rent— translucent.  Double  refraction  weak ;  oj)- 
tic-axial  plane  i-i;  bisectrix  positive,  pai-altel  to  edge 
///;  axial  divergence  y4°-dC*,  red  rays,  for  Auvergiie 
crystals ;  95°  12'  for  brovicite ;  DesCl, 

Oomp.— Q.  ratio  f or  R  :  R  :  Si :  H=l  :  3  :  6  :  2;  and  for  R  :  Si  = 
9  :  .'i(B-Nt(,.3R='R) ;  fonnnla  Ka,AlSi,0,t-|-2aq=Silioa  47  29,  alumina  2U'P6,  soda  lii-SOl 
water  9-45=100. 

Pyr.,  etc. — In  the  closed  tube  loses  water,  wbitens  and  becomes  opaque,  B.B.  fuses  iiuirtlj 
at  2  to  a  colorless  glass.  Fusible  in  the  lame  of  an  ordimuy  stearine  or  wax  outdle,  Qe!a 
Uains  with  aoidi. 
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DU£ — Same  TuieUea  Teaembla  peotolite,  thonuonita,  bat  diatingnulied  B.B. 

Oba. — Occnn  in  cnritieB  in  amjgdaloidal  tnip.  basalt,  and  otfaec  iffneoaa  rocks  ;  and  Mime- 
timflB  ID  •earns  in  granite,  gneira,  and  nyemte.  It  ia  found  in  Bohamia ;  in  AnverKiie  ;  Fosbb 
thai,  TjioL ;  Eapnik ;  at  Glan  Farg  in  Fif eshira ;  in  Dumbartonshire.  In  NorUi  America, 
•ooon  in  tlie  trap  of  If  ova  Sootia;  at  B«rg«n  Hill,  N.  J.  )  at  Copper  Falls,  Lake  Superioc: 


SOOLBOTTB.    Poonahlite. 

Sfonoclimc     G  =  89"  6',  /A  /  =  91°  36',  0  A  1-i  =  161"  16i' ;  i:h:a 
=  0-3485  :  1-0282  :  1.     Crystals  long  or  short  prisms,  or 
acicnlar,  rarely  well  terminated,  ana  always  compound.  •*! 

Twins:  twinning-planei-r.     Cleavage:  /nearly perfect 
Also  in  nodules  or  massive ;  iibroue  and  radiated. 

H.=5-5-5.  G.  =  2-16-24.  Lustre  vitreous,  or  silky 
when  tilH-oiiB.  Transparent  to  subtranslncent.  Fyro- 
electric,  tlie  fi-ce  end  of  the  crystals  thu  aiitilogiie  pole. 
Double  refraction  weak ;  optic-axial  plane  normal  to  i-i ; 
divergence  53°  41',  for  the  red  rays ;  bisectrix  negative, 
parallel  to  i-i  \  plane  of  the  axis  of  the  red  rays  and  their 
bisectrix  inclined  about  17"  8'  to  i-i,  and  93°  3'  to  1-i. 

Oomp.— Q.  ratio  for  B :  R  :  ffi  :  H=l  :  3  :  6  :  8  ;  foTB[3E=R)  :  Si=3  :  U,  as  in  oabiolita ; 
B=Oa,It=Al:  fonnola  OaAlSiiOit-t-8aq=»ilioa  4583,  alamina  3013,  lime  1420,  water 
1876=100. 

Pyr.,  etc. — B.B,  Bometjmea  onrls  up  like  a  worni  (wbencs  the  name  from  atiiXiii,  a  utomt, 
which  Kivea  leoUeile,  and  not  »eolenlt  or  tcotezUt) ;  other  varietiee  iutumesoe  bnt  aliKbtlf ,  and 
^1  foso  at  3-2'2  to  a  white  blebb;  enamel     Gelatinizes  with  acida  like  catrolite. 

Di£— (Jharnotetiied  by  it«  pjrt^oetics. 

Oba. — OoouTH  in  the  BemSonil,  Iceland;  alsoatStaSa;  inSkye,  atTalisker  ;  nearPoonah, 
Uindoetan  (PoonabUU)  •.  in  Greenland  ;  at  Parj^,  Finland,  etc. 

Hebolitb.— (0B,Na]]AlSiiOit-l-3aq(Sp.o.  NaiO).    Near scolecite.    Iceland;  Navn3coU&. 

LBTTNtra,— Bhombohedrjl.  Q.  ratio  forB  :  ft  :  Si  ;  U=l  :  8  :  S  :  4.  Analfsis,  Damont, 
loelaad,  SiOi  4076,  lUO.  2956,  CaO  10  67,  Na.O  1'86,  K,0  164,  H.O  1780=10028.  Ii» 
land ;  Faroe ;  loelud. 

AHAIiOrTB.* 

Isometric (?).  Usually  in  trapezohedrons  (f.  64,  p.  18).  Cleavage, 
cubic,  in  traces.     Also  massive  granular. 

II.=5-5-5.  G.=2-22-3-29 ;  2278,  Thomson.  Lustre  vitreous.  Color- 
less ;  white ;  occasionally  grayish,  greenish,  yellowish,  or  red  dish- white. 
Streak  white.  Transparent — nearly  opaque.  Fracture  eubconchoidal, 
nnevetL     Brittle. 

Oomp.— Q.  lailo  f or  B  :  B  :  Si :  H=l  :  3  :  8  -.  2,  B=Nah  fi=Al=8B ;  E  :  &i=l  :  3.  For 
mnlaNa,A13i.O„+2aq=aUica54-47,  alumina 23-29,  soda  U07,  water 817=100. 

Pyr.,  Bto. — Yields  water  in  the  closed  tobe.     B.B.  fuses  at  3-5  to  a  oolorlesa  glass.     Qelati- 

■iias  irith  hydrochloric  acid. 

DIS. — DistingnijhiDg  oharscters  :  crystalline  form  ;  absence  of  oleava^  ;  fusion  B.B  wUk- 
mU  intumeaoenoe  to  a  clear  glass  (unlike  chabaiitel. 

Oba Some  localities  are  :  the  Tyrol ;  the  Eilpacnck  Hilla  in  Scotland ;  the  Farde  Islands ; 

loeland;  Aussig,   Bohemia;  Nova  Scotia;   Bei|(tut  Hill,  New  Jersey;   the  Lake  Superioi 


,>,i.yi^ 
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Faujabftr. — An  octahedral  z«(dit«  from  the  KalMistiihlffellnin.  AiwMb,  Duiichit,  filOi 
16-13,  MO,  16-81.  OaO  4-T»,  IfB,0  0-09,  H.O  27'03=99-e8. 

EoDnopaiTic.    Near  analoitie.    In  sjenite  near  Brevig,  Norway. 

P11.IHITB.  — In  eleodei  needlei  (orthorhombio) ;  white;  lustre  nlkj.  Analyri*  810(00*70, 
MO,{FeO,)  16-64,  CoO  19.S1,  Li.O  (116),  H,0  4-»7=100.     Id  gnmite  of  SbriegBQ,  Sileda 


Rhombohedral.  B^B  =  9i°4Q',OAB  =  129°  15' ;  (i  =  1-06.  Twins : 
twinoing^plane  O,  very  cotninoii,  and  nsnallv  in  compound  twins,  as  in 
f.  644 }  also  Ji,  rare.    Cleavage  rhombohedral,  rather  diatinut. 


Ha^denite^  ^"A^ 

n.=4^.  Q-.=2-08-2-l&.  LuBtre  vitreonB.  Color  white,  flesh-red ; 
Btreak  uncolored.  Transparent — tratishicent.  Fraetnre  uneven.  Brittle. 
Double  refi-action  weak  ;  in  polarized  light,  images  rather  confused ;  asia 
ill  some  urystals  (JJohomia)  negative,  in  others  (from  Andreasberg)  posi- 
tive ;  DesCl. 

Var. — 1,  Ordinfiry,  The  mottt  common  form  is  the  fmidamental  rhombohedron,  in  which 
the  angle  ia  bo  near  90°  that  the  orygtutx  were  at  &nb  miatakea  for  cubes.  AeadiaUtt,  from 
Nova  Sootia  (Aaa^a  of  the  French  of  lost  oontur;),  ia  only  a  rcddiiih  chabaiite  ;  Bometimea 
Dearly  colorleNi.  In  aome  specimens  the  coloring  mutter  is  orcauged  in  a  teaeelated  manner, 
or  in  layers,  with  the  aDE^lea  almoat  coloilesa.  2.  Phaceiite  is  a  colcrlesa  variety  oocDrring  in 
twins  of  mostly  a  heiagonal  form,  and  often  much  modified  so  aa  to  be  lenticular  in  shape 
(whence  the  name,  from  Oojciii,  a  bentt) ;  the  original  was  from  Leipa  in  Bohemia;  S/\Ii 
=  94°  24',  fr.  Oberatein,  Breith. 

Oomp.— HoMng  part  of  the  water  basio  (at  800°  0.  loses  17-19  p.  c.)  Bamraelsber^  nritea 
the  formula  (H,KhCaAlSL.O,,+0aq,  where  theQ.  ratio  for  B  :  R  :  Si=3  :  8  :  10,  R  =  H,.Na„ 
Ca:  or  (8E=H},  K  :  Si=l  :  2.  The  formula  corresponda  to  Silica  GOGO,  alumina  1T'2S,  lims 
9-43,  potash  1  -OH,  water  20-83=I0U. 

Pyr-,  «to.— B.B.  intamesces  and  fuses  to  a  bicbby  glass,  nearly  opaqne.  DecomposAd  by 
bydrochlorio  add.  with  separation  of  alimy  silica. 

Di£ — lU  rhombohedral  form,  resembling  a  cube,  is  choracteristia  ;  is  harder,  and  doea  not 
efferreace  with  acids  like  calcite ;  ia  unlike  fluorite  in  cleavage;  fusea  B.  B.  with  iutnmaa- 
cenoe  to  a  blebby  gloss,  unhke  analcite. 

Obs,— Chabozite  occurs  mostly  in  Crap,  bsAalt.  or  amygdaloid,  and  occasionally  in  gnaiw, 
■yenite.  mica  schist,  hornblendic  schist.  At  the  Fariie  Islands,  Grrenland,  and  Iceland  ;  at 
Ansaig  in  Bohemia  ;  Striegau,  Silesia.  In  Nova  Scotia,  wine-yellow  or  flesh-red  (the  last  tht 
aoadi'iliCe},  otc;  at  Bergen  Hill,  N.  J,;  at  Jones's  Falls,  near  Baltimore  {/luytiinitt). 

Bbkbachitu  [Bauer)  from  Eiohmond,  Victoria,  is,  according  to  v.  Bath,  identical  with 
phoeMt ;  and  h»  (nggeata  the  same  nt«y  be  tme  of  HKBW-tnci.na.  fiom  Asi  CasteUo,  SioQy. 


..,1,^ 
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=  112"  36',    OAlt=0A~l=140' V;  i» 


fihombohednl.  B^B- 
0r7Si54.  CtyBtals  uBDnUy 
hexagonal  in  aspect ;  some- 
tunes  habit  rhoinbohednil ; 
»  often  horizontally  stri- 
ated. Cieavage:  >  perfect. 
Observed  only  in  uryatals, 
and  never  as  twins. 

H.=4-5.  a=2-0-l-2-17. 
Lustre  vitt'eous.  Colorless, 
yellowiali-whUe,  greenish- 
white,  red  dish-wl  lite  tiesh- 
red.  Traoepaieut  to  trans- 
lucent.    Brittle. 

aamp^-Q  TRtioforE  :  H  :  Si  :  H=l  :  8  :  8  :  6,  R=Ca(Hth,Ei).  fi=AI.  Pornml*  (C»,lT»i> 
.USi,0,.+fl»q-  Aiuaysls  by  Howe,  Bergen  Hill,  SiO,  48-67,  AlO.  18-72,  FeO,  010,  OM 
8M.  Na,0  9  14,  H,O31-35=100-58  (Am.  J.  Sol,  III.,  lii.,  370,  1876). 

pjr.,  etc.— In  the  closedtabeoromblee,  giTesoa  mach  water.  B.B,  fuioB  easily  to  a  wbit« 
eoaiDel.     DecompoBsd  bj  bydroohlorio  acid  with  geUtiuizatlon. 

mS. — Gloeelj'  reaembles  aome  chabaiite,  but  differs  deddedlj  in  tingle. 

Obi, — Occort  at  Andreasberg-;  in  TianslyTania ;  in  Antrim,  Ireland ;  near  Lame ;  at  Taliaker 
in  Sb^e ;  at  Onpe  Blomidoa  and  other  looalitiea  in  Nova  Scotia  {UdBrerOd} ;  in  Boe  tnyBtali  <tf 
▼wied  habit  at  the  Bencen  Hill  tunnel  i>f  1876. 


120"  44',  and  88°  40' 


0.  Blomidon.eto. 


Orthorhombio.  IaI=  91"  12' ;  1 A 1  =  121°  20' 
Marignac.  Faces  1  and  i-l  striated  parallel  to 
the  edge  between  them.  Simple  crystals  un- 
known. Comiuonlyin  cruciform  crystala, consist- 
ing of  two  ci-ossing  crystals,  each  a  twinned 
pnsm  (f.  647).  Orystala  either  isolated,  or 
grouped  in  tufts  or  Bpheres  that  are  radiated 
within  and  bristled  with  angles  at  surface. 

H. =4-4-5.  G,  =  2'201.  Lustre  vitreons. 
Color  wliite,  sometimes  reddish.  Streak  un- 
colored.     Translncent — opaque. 

Oomp^-Q.  ratio  for  E  :  R  :  K  :  H=l  :  8  :  8  :  4,  R=Oa 
and  E,(Na,) ;  Ca  :  K,=i  :  1,  3  :  3,  eta  FormaU  R.-tlSitOn 
+4aq.  AnAlyais  bj  Ettliog,  Nidilo.  Hessen,  SiOi  481;], 
AIO,  ai-4I,  OaO  8-31,  K,0  3-30,  Na,0  0-70,  H,0  10-78= 
100-48. 

Pyr.,  eto.~B.B.  cramblee  and  fuses  at  3  to  a  wbite  enameL 
Qelatinizes  with  tayilroohloric  auid. 

DiS.^Qesembles  harmotoma,  bnt  distinguiBhed  B.B. 

OIu — At  the  Giant's  Cuuseway,  Ireland ;  at  Capo  di  Bove, 
near  Borne  -,  in  Sicily  ;  Annerode,  near  Qieagcii ;  in  Silesia ; 
Bohemia  ;  on  tbe  west  coast  of  Iceland. 

Streu^  (Jahrb.  Min.,  18TS,  685)  shows  that  the  forms  are 
exactly  onelo^oua  to  those  of  harmotome,  and  sn^esta  that 
U  nu^  b«  also  mmiocdlnia. 


;vC00i^lc 


DBSOBIFTITE  HnrBBALOOT. 


inic  (DesCloizeanx).     Cleavage :  I,  O,  eaey.     Simple  ciTStals  dd- 
koown.    Occurring  in  peuetra- 
•*8  tion-twins.    Unknown  maseiva 

H.  =4-5.  G.  =  2-M^2-45. 
Lustre  vitreous.  Color  white  ; 
passing  into  giav,  j-eilow,  red, 
or  brown.  Streak  white.  Sub- 
transparent — translucent.  Frac- 
ture uneven,  imperfectly  con- 
uhnidal.     Brittle. 


Oomp.— Q.  ratio  for  R  ;  B  :  Si  t  B 
=1:S:10:S;  here  B=Ba  maatly, 
alio  K, ;  R=A1.  Foimala  BAlSi|0,« 
+GBq.  If  one-fifth  of  the  water  ia 
(ihemicsllj  combbed  (BammeUbeig),  then  the  fonuDla  ooneeponda  to  HiBAISi.0i.+4itq. 
Both  fonuDlu give  Silica 43-91,  alamina  1570,  barjta 20-06,  potaah  HEM,  water  14  U0  =  100. 
Fyr.,  ato. — B.B.  wbltena.  than  crumbles  kdA  tuses  at  3-G  withoat  intumescence  to  a  white 
tnnslucent  glass.  Some  Tarieties  phosphoreBoe  whea  heated.  Decomposed  b;  hjdrocblotia 
add  without  platinizing. 
JUS. — Cbaraoterited  by  ita  orjatallization  in  twins  ^  the  presence  of  barium  separates  it 


Strontlan. 


Andrsasbei^. 


bom  other  species. 

Oba. — narmotiome  ooonrs  in  amygdaloid.  phonolTte,  tracbjte ;  also  on  gneiss,  and  in  somt 
metalliferoas  Teins,  At  Stntntian  in  Scotland;  at  Audrensberg;  at  Budelstodt  io  Silesia, 
Bohiffenberg,  near  QieBsen,  etc. ;  Oberstein ;  in  the  gneiss  of  upper  New  York  Citj. 

DeoUloiieanx,  who  has  shown  the  monoclinio  character  of  the  apeoies  bj  optical  means,  bu 
adopted  a  different  poaitlon  for  the  crystals  {1=1,  etc.). 


R\ 


SmSlTB.*  Demine. 

/Ai=94''16',  lAl,  front,  =  119°  16',  side,  114°  0'. 
Cleavage :  i-i  perfect,  i-\  less  so.  Foi^ns  as  in  f .  650 ; 
more  common  with  tho  prism  flattened  parallel  to  iA 
or  the  deavafie-face,  and  pointed  at  the  extremities. 
Twins;  crneifonn,  twinTiing-pltinc.  l-i,  rai-o.  Common 
in  sheaf -like  aggregations ;  divergent  or  radiated;  some 
times  globular  ana  thin  lamellar-c-olnninar. 

R.^-dQ-^.  G.=3-09^2-205.  Lustre  of  U  i>early ; 
of  otlier  faces  vitreous.  Color  white ;  occaeionallv 
yellow,  bniwii,  or  red,  to  brick-red.  Streak  uncolored. 
Transparent — translucent     Fracture  uneven.     Brittle. 

Var. — 1.   Ordinary,     Either  (a)  in  crystaJs,  SaMened  and  ^mxiy 

parallel  to  the  plane  of  cleav^^.  or  sheaf -like,  or  divergent  groups; 

or  [b]  iu  radiated  stars  or  hemispheres,  with  the  radiating^  indiTidnali 

showing  a  pearly  cleavage  sarf ace.    SphCBrottilMte,  Beud,  is  in  sphere*, 

radiated  within  with  a  peu-ly  fracture,  rather  soft  extemilly. 

Oomp,— Q.  ratio  for  B  :  R  :  Si  :  H=l  :  3  :  12  :  6  ;  B=Ca(SaO,R=AL   Formnla  RAISi.Ox 

•fOaq.     If  two  parts  of  water  are  basic  (Bamm.)  the  ratio  beoomea  (B=CB,E,,Na,)  S  :  3  :  1) 

:  4,  or  S  ;  Si=l  :  2.  and  the  formula  in  EiRA;lSi,0ii+4aq.     Analysis.  Petersen,  Seirser  Alp, 

fllOi  65-61,  AlO,  18-63,  Ca07-33,  Na,0  201,  K,0  0-47,  H,0  18-19=99-23. 

9jt^  t/ia, — B.B,  exfoliates,  swells  up,  onrres  into  fan-like  or  Termimilar  forms,  and  foiiM 


H.Uy 
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ozraKS  ooKFomnw — btdboits  biuo&tes. 


tpiaretlildUa  golatlaiiM,  bnt  B 
Wta, 

DIE — promineDt  ohuwitets:  ooonireaoe  in  ihsof-like  fomiB,  and  in  the  reotungnlM 
tabular  tajMait ;  loaire  on  cteavue-faoQ  peorlj ;  iloeH  not  galatinize  wich  acida. 

Obs.— Stilbite  oocars  nuMtiy  m  cavitJea  in  amygdaloicL  It  is  aim  foond  in  some  metal- 
Uferous  Teins,  and  in  gr&nite  and  ^eiss.  Tbs  Fanie  Islanda.  loeUod,  and  the  lale  of  Bb« ; 
in  DumbartoiiBhire.  Scotland  ;  at  Androasberg  ;  Arenda!  in  Norway  ;  la  the  Syhadree 
Mta.,  Bombaj  ;  near  Pahlun,  in  Sweden.  In  Nonh  America,  at  Bergea  Hill,  New  Jereey  ; 
ftt  the  MichipiL-oten  l^ands.  Lake  Superior  ;  Nova  Scotia,  etc. 

Tbe  name  itUiiU  ia  from  cri'kiii,  btttre ;  and  denmine  from  ^lifo!,  a  bandit.  The  BpedM 
■Eilbite,  aa  adopted  bj  "EnXij,  indnded  Strahlieolith  Werii.  (radiabed  leolite,  oi  tbe  above), 
and  Bl&tt«neoUth  Wem.  (foliated  seolite,  or  tbe  species  bealaudite  beyondj.  The  (onaer  wan 
Hie  typioal  part  of  tbe  apecies,  and  is  the  flret  mentioned  in  the  dencription  ;  and  the  latle) 
he  added  to  tjie  species,  as  he  observes,  with  much  hesitation.  lu  1817.  Breithaupt  separated 
Uie  two  leolites,  and  c^ed  the  former  detmtne  and  the  latter  eniediU.  thus  throwing  aside 
entirel;,  oontraryto  mleand  propriety,  Hailj's  name  jfi/AiM.  whioh  should  have  been  accepted 
by  him  in  place  of  desmine,  it  being-  the  typioal  part  of  hia  apeoies  In  1822,  Brooke  (ap- 
parently unaware  of  what  Breithanpt  had  done)  need  ifilAiM  for  tho  Orat,  and  named  the  othei 
heui/mdU'.  In  this  he  has  been  foUowed  by  tbe  Fienoh  and  English  mineralogist*,  while  the 
Germans  have  unfortanately  followed  Breithanpt. 

Efibtii/Bitk  {BtiaiUf) Composition  like  henlandite,  but  form  orthoihombio.    Iceland ; 

Faroe ;  Poonah,  India,  etc  ;  Beigen  Hill,  [f.  J. 

FonEUTE.—Beaemblesstiibiteinforin.  Q.  ratloforB  :  R  :  St :  E— 1  :  6  :  13  :  6.  Formula 
EitliSiiOii+Sui.  (K^Nai  ;  Ca=l  :  8].  Oocnis  in  crystalline  omstB  on  tonrmoline,  in  oavitiea 
1a  naoit^     ThImh^  of  £lba. 


HBTTIiANSI^.    BtUblt,  Qtrtn. 


Monoclinic.   C  =  88°  35',  /A  /=  136°  4',  0  A  1-i  ==  156°  W;6:h:A  = 
1"065  :  2'4TS5  : 1.      Cleavage :   clinodiagoiial  (i4)  emi- 
Dont.     Also  it)  globular  foi-ms ;  also  granular.  691 

H.=3-5-4.  G-.=2-2.  Lustre  of  i-%  utrotig  pearly ;  of 
other  faces  vitreoiia.  Color  vanons  shades  of  white, 
paseing  into  red,  gray,  and  brown.  Streak  white, 
Tran spare nt^-flub translucent.  Fracture  subconchoidal, 
aneven.  Brittle.  Doable  refraction  weak ;  optic-axial 
plane  normal  to  i-\;  bisectrix  positive,  pai-allel  to  the 
Lorizontal  diagonal  of  the  base ;  DesCl. 

Oomp.— Q.  ratio  for  E :  B  :  Si  :  H=l  :  8  :  19  :  6 ;  B=Ga(Na,). 
Formnla  CaiVlSi|0,i+Gaq,  or  if  2H,0  be  basic  (Bamm.)  then  tlie 
ratio  becomes  1:1:4  (R=Ca  and  Hi),  and  (he  formiOa  H.CaAlSii 
0,a+Saq.  Both  reqaire  Silica  09-06,  alnmina  16'83,  lime  7'86,  soda 
1-48,  water  UT7=100. 

Pyr.-B.B.  same  as  with  stilbite. 

Di£ — DiBtir.guiahed  by  its  oryatalliae  form.     Pearly  lustre  of  I'-l  a  prominent  character. 

Obi. — Heulandite  occurs  principally  in  amygdaloidal  rocks.  Also  in  gneiss,  and  occasionally 
Id  metalliferous  veins  Occurs  in  Iceland ;  the  Far5e  Islands ;  the  Vendayah  Uountaina, 
HindOKtan.  Also  in  the  Eilpatriok  Hills,  uear  Glasgow;  in  the  Faasa  Valley,  Tyrol;  An- 
dreasbeig ;  Nova  Scotia,  etc, ;  at  Bergen  Hill,  New  Jersey ;  onuorth  shoKof  Lake  Superior; 
■t  Jones's  Falls,  near  Baltimoro  (Levy's  bMunu>aUti). 

For  the  relation  of  the  synonymes  see  stilhit,  above. 

Bbbwst^rits. — Q.  ratio  same  m  tor  heulandite,  bnt  B  u  here  Ba  or  Sr  (Oa).  Formula 
laquu^  SiO,  53-5,  AlO,  ISS,  BaOT-O,  SrO  10'3,  HiO  13-4=100:  Monoclinic.  Strontiania 
Aigyleshiie,  etc 
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nL    Maboajcopbtixttb    Sbciioh. 

BlSIUCATBB. 

The  Mai^arophvUites  are  often  foliated  like  the  tnicae,  and  the  nAina 
alludes  to  the  pearly  folia.  Massive  varieties  are,  however,  the  mont  com- 
mon with  a  large  part  of  the  species,  and  they  often  have  tiie  oompactnesa 
of  clay  or  wax.  Tale,  pyitipliyllite,  serpentine,  ai-e  examples  of  species  pre- 
senting lK)th  extremes  of  Btructare ;  while  pinite  occurs,  as  thus  tar  known, 
only  in  the  compact  condition.  The  true  Margarophyllites  are  below  6  in 
hardness;  greasy  to  the  feel,  at  least  when  6aely  powdered. 


Orthorhombic     /A  J  :=  120**.     Occurs  rarely  in  hexagonal  prisma  and 

{)tateB.  Cleavage:  basal,  eminent  Foliated  massive,  sometimes  in  globu- 
ar  and  stellated  groups ;  also  granular  massive,  coarse  or  fne;  also  com- 
pact or  cryptocrystalline. 

H.=l-1'5.  G.=2-5  65-2-8.  Lustre  pearly.  Color  apple-gn^en  to  white, 
or  silvery-white ;  also  greenish-gray  and  dark  green ;  sometimes  bright 
green  perpendicular  to  cleavage  surface,  and  brown  and  less  translucent  at 
right  angles  to  this  direction ;  brownish  to  blackish-green  and  reddish  whea 
impure.  Streak  usually  white;  of  dark  green  varieties,  lighter  than  the 
color.  Subtransparent — subtranslucent.  Sectile.  Tliin  lamince  flexible, 
but  not  elastic.  Feel  greasy.  Optic-axial  plane  i-i;  bieectriz  negative,  nor- 
mal to  the  base ;  DesCl. 

Tar. — FaHated,  Tale.  Gonsiste  of  folia,  □ttmJlf  eaidl;  wpanted,  having'  a  greaa;  led,  and 
pieoeuting-  otdinaiiTr  li^ht  green,  greenifih -white,  and  white  coloiB.  GI.=S'6S-2'78.  (a) 
MauiDt,  Stfatitt  or  Soapitorm  (Speclieteiii,  Oeiin. ),  Coarse  granular,  gra^,  gray ieh-green,  and 
btownish-gTBy  in  oolow.  H.  =1-2  fi.  (i)  Fine  grantUar  or  orjptociryatnlliiie.  and  aoft  enough 
to  be  lued  aa  chalk,  aa  the  Fi-enc/i  ehaU:  {Crait  dt  Briaiifan},  which  is  milk-white,  with  a 
peodj  loatre. 

Oorop.—Q.  ratio  lor Mg- ;  Si=8  :  5,  or  8  :  4,  withaTatjingamonntof  watflrinboth  tale  and 
ateatits,  from  a  fiactian  of  a  per  oeiit.  to  7  p.  c.  If  the  water  is  baaio,  the  ratio  becomea  for 
B  :  Sl=l  :  2,  (R=Mg(Fe)  and  Hi),  and  the  formula  is  U,Mgi8i,0„  (Eanun.)=  Silica  63'49, 
magnesia  31 '75,  water  4-76  =  100;  the  oiialrseB  show  general);  1  or  3  p.  o.  of  FeO. 

F^.,  atc^^-In  the  closed  tube  B.B.,  when  intensely  ignited,  moat  varieties  yield  water.  In 
tbe  platicam  focoepa  wbitena.  eKfolintee,  and  fuses  with  difflcoltj  on  tbe  tbin  edges  to  a  white 
enameL  Uoistened  with  cobalt  aolutioD,  asaamcs  on  ignition  a  pale  red  color.  Kot  dMom- 
poaedby  aoida. 

DUE.— Becogoized  by  ita  extreme  aoftnesn,  anctaona  feel,  and  nsnally  foUated  ctractnTOk 
Inelaatic  though  Qezible.     Yields  water  only  on  intense  ignition. 

Obs. — Talc  or  Btealile  ia  a  very  common  mineral,  and  in  tbe  latter  form  constitutes  ezten* 
•ive  beda  in  some  regiona.  It  is  often  associated  with  serpentine  and  dolomite,  and  freqnentlj 
oontaind  crystals  of  dolomite,  breonerite,  aabestus,  aotinolite,  tourmaline,  magnetite.  Bteatita 
is  tbe  material  of  many  pgendomorphii,  among  which  tbe  most  common  are  those  after  pyroxene, 
hornblende,  mica,  scapolite,  and  spinel.  The  magnesian  minerals  are  tboae  which  commonly 
afford  steatite  by  olteriiidon  ;  while  those,  like  soLjiolite  and  nepbelite.  which  contain  soda  and 
DO  magnesia,  moat  frequently  change  to  pinite-like  pseudomorpba.  HenMiiatritt  and 
t?j  '•\iUiMe  are  psendomorphous  varietiea 

Apple-green  talo  occurs  near  Salzburg ;  in  the  Valaia ;  also  in  Cornwall,  near  Liiard  Point, 
with  serpentine ;  in  Scotland,  with  serpentine,  at  Portsoy  and  elsewhere ;  etc  In  K. 
Amecica,  some  localiciea  are:  Vermont,  at  Bridgewater;  Qrofton,  etc  In  New  Jiatnpthir\ 
at  Pelham,  etc.  In  JL /iriand,  at  SmithSeld-  In  JV.  Xorjt,  new  Amity.  jDi'enn.,at  Texaa; 
aS  ChesbLiit  Hill,  on  the  SchuylkilL     In  Maryiaad,  at  Cooptown. 
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.      PTHOPH  r IjLITB.    Ag*]matdit«  or  Psgodite  pt 

Orthorhombio.  Not  observed  ia  distinct  cTTUtals.  Cleavage:  basal 
emment.  Foliated,  radiated  lamellar  j  also  granular,  to  compact  or  ci^pto 
orystalline ;  the  latter  sometimes  slatv. 

H.==l-2.  G.=2-75-2-9i{.  Lnstre'of  folia  pearly,  like  that  of  talc;  of 
massive  kinds  dull  or  gtistoDing.  Color  white,  apple-gieen,  grajish  and 
brown ish-gi-ean,  jellowisli  to  ochre-yellow,  grayish-white.  Subtransparent 
to  opaque.  Laminie  flexible,  not  elastic.  I;  eel  greasy.  Optic-axial  angle 
large  (about  108°) ;  bisectrix  negative,  normal  to  the  cleavage-plane. 

Tkt. — (1)  Polf&ted,  and  often  ndtated,  oloselj  reieinblin^  Ula  in  oolor,  fasl,  iTistis,  and 
itnuAiiTe.  (S)  Comptu^  masalve,  vbiM,  ^ntTiab,  lud  gieeniiili,  iomewhat  rasBmblinK  oom- 
pant  staattta,  or  Prenoh  ohBllc  This  oompitot  Tariety.  sb  Bmiih  haa  shown,  inoludea  part  ol 
vlut  has  gtme  nndet  the  name  of  agalmaColite,  from  Obina ;  it  1b  used  for  elate- penoila,  and 
ia  sometimea  called  peneil-itone, 

Oomp. — Q.  tatio  for  Al  :  Bi=l  :  2,  also  in  other  caeea  3  ;  8,  Formula  for  the  first  aaae=: 
^Sl,0,-t-aq  (Bamm.}.  AnalyeU,  Cbosleifield,  S.  0.,  bv  Oenth,  SiO,  94-33,  AlO.  2a'48,  FeO, 
0-96.  HgO  O'Sil,  CaOO'SS,  H,O5-26-100'3B. 

PyxT  «to. — TieldB  water.  B.B.  whiteni,  and  fnaea  with  difflcnlty  on  the  edgaa.  The 
ndiated  Tarietiei  exfoliate  in  fan-like  forms,  awelling  up  to  many  times  the  ocigioal  Tolanu 
of  the  tumuj.  Heated  with  cobalt  solution  gives  a  deep  bine  color  (alumina  |.  Partialiyilaoom' 
posed  by  solpburio  acid,  and  oompletelj  on  fosinn  witb  alkalioe  Rarbonatea. 

Oba.— Compact  pyropbyllite  is  the  material  or  base  of  some  schistoaa  rooks.  The  foliated 
rariet;  ia  often  the  gungue  of  cyanite.  OooorH  in  tbe  tTrala ;  at  Westana.  Sweden ;  near  Ottiei 
in  liozembon^ ;  in  Cheaterfleld  Diat.,  S.  0. ;  in  Linooln  Co.,  Qa.;  in  Arkaosaa.  Thaoompaot 
PTzophjUite  of  Deep  Alver,  N.  C,  is  extensively  nsed  for  making  slate  pendla. 

FiHLiTK  {ejpnaUitiU),  neni  pyiDpbjllita 


8BPIOIJTB.*  Meenchanin,  Otrm.     L'Ecmme  de  Her,  A-. 

Compact,  with  a  smooth  feel,  and  fine  earthy  texture,  or  clay-like. 

H.=3-2'6.  Impressible  by  the  nail.  In  dry  masses  floats  on  water. 
Color  grayish-white,  white,  or  with  a  faint  yellowish  or  reddish  tinge. 
Opaque. 

Oomp — Q.  ratio  for  R:  Si :  H=l :  8  : 1,  ooneepcaiiUngtoHK.Si.Oi+Saq;  or,  if  half  the 
water  ia  bsflio,  1:2:  (=:H|HKiBi,Oi  ■i-aq=Silioa  60-8,  ma^eaia  371,  watec  131=100.  IMie 
MBOont  of  watei  preaenti  is  somewhat  nnoertain. 

Pyr.,  eto.— In  Uie  olosed  tube  yields  Oist  hygroeoopio  moistare,  and  at  a  higher  temperature 
gives  much  wat«r  and  a  burnt  smell,  B.  B.  some  TaiietieB  blacken,  then  bom  white,  and  fuse 
with  diffionlty  on  the  thin  edges.  Witb  cobalt  sdntion  a  pink  oolor  on  Ignition.  Decomposed 
by  hydroohlorio  acid  witb  gelatinin^on. 

Oba. — Ooonra  in  Asia  Mmor.  in  maaaea  in  atratiScd  earthy  or  alluTial  dspOHita  at  the  plains 
of  bkihi-sber ;  also  fonnd  in  Greeoe  j  at  Hrabeohitz  in  Moravia ;  in  Horoooo ;  at  Tallecas  in 
Spain,  in  axtenaiTe  beds. 

The  word  meeneAaum  ia  Qerman  for  lea-frolA,  and  alludea  to  ita  lightness  and  color.  Bapia- 
Vte,  O-lobkec,  ia  from  /niiria,  maOt-fith,  the  bone  of  whioh  ia  light  and  porona,  and  also  »  pro- 
dootton  of  the  aea. 

Afhbdditk. — lMgSiOi+8aq.    Besemblea  seplolite.    Lon^ban,  Sweden. 

BUBCTITB. — Fuller's  aarUi  pt,     A  greeniah  ofky  frwn  fityna. 

MoHTKoBiLLOiirrE. — A  roae-red  cday  oontaining  more  alumina  Uian  smeotita,  from  Hoat- 
■orillon,  Franoe. 

Okladonitb. — A  Taiiety  ol  "  green  earth  "  from  Ut.  Baldo,  near  Terona. 

QiiAnoOKrrB. — Qrsen  earth  pL  A  hydrous  silioate  of  Iron  and  potasaitttn,  but  alwt^ 
Impure.     OonstituteB  the  green  sand  of  the  ohalk  and  oUier  formationa  (e.g..  In  New  Jersey). 

SriLFKOifSLAiiK.— In  foliatad  ^ataa,  oi  aa  a  velvety  ooating.    HwntlaHy  a  hydrona  Ina 
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(Fe)  iiliaata.  Odor  Uaok  t«  yellowlali-lwiTiae.  SIlwU;  WeQlm^;  Nnmu;  SUiUiii  troa 
mine  ^   Antwerp,  N.  T.  {eAaleodiUj. 

CnxoBOPAL. — Oompnot,  earthy.  Color  greenish-yellow.  A  hydrated  Iron  dlicata.  Fonniila 
FeSl.O.+fiaq.     Andreuberg ;  Steinbetg  nesr  Oottingen ;  Nontron  [mmtnmiU),  Ftwiee,  «t«, 

Arsdhte. — Perlupa  xelkted  to  ahloropal  {Ltuauta).     Color  btne.     Hpain. 


tTxiSILICATEB. 

Serpentina  Gto^, 


Orthorhombio  (t).  Id  distinct  crystals,  bnt  only  as  pseudomorphB.  Some- 
times  foliated,  folia  rarely  eeuarable ;  also  delicately  fibrous,  the  fibret  often 
easily  separable,  and  either  flexible  or  brittle.  Usually  maasire,  fine  gradU' 
Isr  to  impalpable  or  cryptocrystalline ;  also  elaty. 

H.=2-5-4,  rarely  6'5.  G,  =  2-5-2-65;  some  fibrous  vai-ieties  2a-2-3j 
retinalite,  2'36-2-55.  Lnsti-e  Bubi-esinons  to  greasy,  pearly,  earthy ;  resin- 
like,  or  wax-like ;  usually  feeble.  Color  leek-green,  blaekish-green,  oil 
and  fliskin-groen,  brownish-red,  browuisli-yellow;  none  bright;  sometimes 
nearly  white.  On  exposure,  often  becoming  yellowish-gray.  Streak  white, 
slightly  shining.  Translucent — opaqne.  Feel  smooth,  sometimes  greasy. 
Fracture  con<;hoidaI  or  splintery. 

Tar. — Mftnj  vnnutalned  ipeoies  have  been  made  ont  of  urpentine,  diSeriDg  In  Btraoton 
(maadTA,  daty,  foliated,  flbtoiu),  or,  u  Hnppoted,  In  chamioal  oompotdtlon. 

Xarbitb.  (1)  Ordinarj/  miun'M;  {a)  Preeiaui oi 2fr>ble  Serpentine  (Edler  aerpentin,  Otrm.) 
la  of  a  rloh  oU-frrees  oolor,  of  pale  or  dark  shades,  and  trannlooent  even  when  in  thick  pleoee; 
and  (ft)  Common  Serpentine,  wheo  of  dark  shadea  of  color,  and  tnbtmnsluoent.  The  format 
baa  a  bardueia  of  S'9-3 ;  the  latter  often  of  4  or  beyond,  owing  to  imparities.  BoweniU 
(Smithfleld,  B.  L),  1b  a  jade-like  rarioty  with  the  hardnen  SS. 

Foliated.  marnwUte  it  thin  foliated ;  the  laminai  brittle  bnt  easily  aeparable,  yet  gradu- 
ating into  a  variety  in  which  the;  are  not  aepaiable.  G.=2'41;  Instre  pearly  J  oolora  grMn- 
ish' white,  blnish- white,  or  pale  aaparagaB-gieen.     From  Hoboken,  N.J. 

Fibrous.  OhrytUHe  is  delicately  flbroiu,  the  fibres  nanally  flexible  and  easily  aepuaUng ; 
tnstre  silky,  or  dll^  metnllto  ;  color  greenish- white,  green,  olive-green,  yellow,  and  brownish ; 
G.=2'21|l.  Often  constitutea  seams  in  serpentine.  It  inclndes  moat  of  the  silky  amianOtiu 
of  serpentine  rocks.     The  original  chiyaotile  nas  from  Beichenitein. 

Any  MrpentiDe  rook  oat  into  slabs  and  polished  ia  called  terpeatint  marbU. 
'  Cknnp.— Q,  ratdo  for  Mg  :  Si  :  H=8  :  4  :  2,  correaponding  to  HgiBitO,-t-3sq=SillG»  48-48, 
magnesia  41t'46,  water  I^IM.  But  aaohryiolite  Is  aapeoiallj  liable  to  the  ohuige  to  serpen, 
tine,  and  ohryaollte  is  a  uniiOieaie,  and  the  change  otntalsta  In  a  loea  of  some  Hg.  and  tha 
addition  of  water,  it  is  probable  that  |i«[t  of  the  water  takes  the  place  of  the  lost  Ifg,  ao  that 
the  mineral  ia  eaaenttally  a  hydrated  cbrysolite  of  the  formola  HiMgiSi,Oi-l-aq.  The  rel*- 
Uon  in  ratio  t^i  kaollnite  and  ptnite  corresponds  with  this  view  of  the  formnlb. 

Fyr.,  otii.— In  the  dosed  tube  yields  water.  B  B  fuses  on  the  edges  with  difficulty.  F.  = 
0.  GiTsa  naaallj  an  iron  reaction.  Decomposed  by  hydrochloric  and  sulphuric  acids.  Ghiy- 
■otile  leave*  the  allica  In  fine  Sbrea. 

DiS^— DlaUnguiahing  cliaraeters ;  compaot  itraotnn ;  aoftDeea,  being  esaily  ont  with  » 
knife;  low  qieoifla  gcavitiy ;  and  raidnoiia  lustra. 

Om. — Serpentine  often  oonstitntes  moantain  massas.  It  frequently  ocours  mixed  wMli 
■BOre  or  lev  of  dolomite,  magneaite,  or  oalcite.  making  a  rock  of  olonded  green,  aomailmai 
veined  with  white  or  pale  green,  called  Mfti  antique,  or  apAioSts.  It  reanlta  from  die  alteik- 
UoD,  of  other  rocks,  frequently  chrysolite  rooks.  CryttaU  of  serpentine  (paendomorphoaa) 
•osar  in  Ota  Pmbt  valley,  Ty^;  uear  MiMk ;  Kathaitnenbwg,  nod  elaen-han;  in  Sorw^r, 
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'  it  tiniLTn™,  etc.  Procdona  Mrpenttnea  oome  from  Sweden:  the  Isle  of  Han;  Ooniaft; 
Siberia ;  Bvianj,  eta.  In  N.  Amedot,  in  Vemwnt,  at  New  Fane ;  Bozbiu?,  eto.  In  Mati., 
at  Newbaiyport  and  elsewhere.  In  Omn,,  near  New  Haven  and  Uilfonl,  at  the  Terd-antiqna 
quames.  In  2f.  Tort,  at  Brewster,  Patnam  Co.  ;  at  Antwerp,  Jeffenon  Oo.  ;  in  OaaTer- 
Dear,  St.  Lawrence  Co. ;  in  Oraage  Co.  ;  Bichmond  Co.  In  If.  Jeriey,  at  Hobaken.  la 
P«nn..  at  Texas,  Lancaster  Co. ;  also  ia  Cheater  Co. ;  in  Delaware  Co.  In  Marytand,  tk 
Bare  Will  a ;  at  Cooptown,  Hftrford  Co. 

The  following  are  varieties  of  serpentine  :  TetinaiU6,  Qrenville,  C.  W. :  vorTumMriU,  ^^nd ; 
paretHop/iite ;  boaeniU,  Smithfleld.  B.  I.  ;  antigoriti,  Piedmont;  teimnrntiU,  Tezaa,  Pb  j 
auMinoJif«,  Eoboken ;  piorviiU;  metaseUe;  r^dnnsAifa  (oootaining- If ij ;  aquaeraptiU. 

Bastitb  01  ScHTT.LBB  fiPAB. — An  impnTO  serpentine,  a  result  of  the  alteration  of  a  foli«tod 
pTTozeno.     Baste;  Todtmooa  in  the  Sohwarsw^d.     Antillitb  la  similar. 

DbvetIiITS  {Q]imnlte). — U,HetSi|0ii-t-4si].  Ocoors  with  aecpen tine  at  Middlefield  and 
Texas,  Penn.     Htdbophitb  (JsnAiiuits),  near  dewejlite,  bnt  Itg  reptaoad  in  part  bj  Pe. 

Obkolith.— H,Mffi3IiOi+aq.  Stl«^.  IiImbaobitb  from  Limbaoh,  and  ZOBbmiTl 
bom  Z&tditi,  are  variatiaB  of  oeroUte, 

QBHTUITE.    Nickel- GTnmite. 

Amorphous,  with  a  delicately  hemisphencal  or  stnlactitio  snrfKce,  in 
eniBting. 

H.=3~4;  BometimeB  (aa  at  Miehipicot«n)  bo  soft  ae  to  be  polished 
ander  the  nail,  and  fall  to  pieces  in  water.  G.=2-409.  Lustre  resinoni. 
Color  pale  apple-greQti,  or  yellowish.  Streak  greenish-white.  Opaqne  to 
translucent 

Oomp. — Q.  ratio  for  S  :  Si :  H=3  :  8  :  8,  ot  the  Mune  m  for  dewe^lite  ■  formula  S,(Si, 
l^],SiiOii,  being  a  niokel-gymnite.  Anal^s :  Genth,  Texas,  Fa.,  SiOi  30*80,  NiO  801H, 
FeO  0-34,  MgO  14-dD,  CaO  0  26,  B,0  10-09=10019. 

Pyr.,  ato. — In  the  dosed  uibe  blackens  and  gives  off  water.  B.B.  Infnaibla.  With  borax 
In  O.F.  givee  a  violet  bead,  beooroing  graj  in  B.F.  (Niokel).  Deoompoeed  b;  hydroohlons 
aoid  without  gtilatiniEing, 

Obi. — From  Texas,  Lancaster  Co. ,  Pa. ,  in  thin  oraBtfl  on  chramia  iron ;  from  Websbir, 
Jaokson  Co.,  N.  C;  on  Uldhiplooten  Id.,  Lake  Superior. 

Alipitb  and  Pdulite,  an  apple-green  Hlioatea  containing  some  nickel  QAHniKRCTa 
and  IfonuKrrB,  from  New  Caledcmia  are  similar,  aud  have  been  shown  hj  Liversidge  to  b* 
mixtarsB. 


KaoUnUe  Orovp. 


Orthorhombic  7a/'=120''.  In  rhombic,  rhoraboidal,  or  hexa^conal 
icale?  or  plates ;  sometimes  in  fan-shaped  aggregations ;  usually  constitut- 
ing a  clay-like  mass,  either  compact,  friable,  or  mealy ;  base  of  ciyataU 
lined,  arising  from  the  edges  of  superimposed  plates.  Cleavage :  basal, 
perfect.     Twins:  the  haxagonal  plates  made  np  of  six  sectors. 

H.=l-2-5.  G.=2'4-2'63.  Lustre  of  plates  pearly;  of  mass,  pearly  to 
dull  earthy.  Color  white,  grayish- white,  yellowish,  Bometinit»  brownish, 
bluish,  or  reddish.  Scales  transparent  to  translucent  Scales  flexible^ 
inelastic ;  ustially  unctnons  and  plaetiu 

T«r.— I.  Argt^ifortit.  Soft,  ol^-Ilke ;  ordinary  kaollnlte ;  nndor  fte  mlcraaoope,  If  nal 
wUhont,  iJiowiiv  that  It  Is  made  «p  laqplj'  ot  peaiijr  laataa,    Theoonatitaentof  meat,  if  Ml 
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■n.  ynxe  kkoUn.  S.  H^inifaTm.  Ueab',  luudlf  ooheztai,  omutiiig  of  pe»d7  aiV'ilai 
■obIbs.  8.  Ijiduntttd;  LithamargB  {fildnraark,  Germ.).  Fiim  and  oompaot ;  H.=2~2-S 
When  polveriiAd,  often  showB  a  softly  teztnre. 

Oomp^-Q.  ndo  lor  B  :  Si  :  H=3  :  4  :  S ;  formnU  AlSi,0,+3Bq,  <»  nukiotr  put  (rf  tlia 
water buio,  H,Aia[,0,+aq=SIlioa4G'4,  aInii]iiiB39-7,  water  13-9=100. 

Pyr.,  Bto. — Tielda  water.  B.  B.  inf naible.  GiTOa  a  blao  ooloi  with.cobalt  solatioit.  buol- 
eUeiu  aolds. 

Di£— Oharaot«rlzed  \sj  tta  imctnoiu,  soapy  feel ;  alamina  reaction  B.B. 

ObSi. — Oidinuy  kaolin  is  a  resnlt  of  the  deoompoaitioTi  of  alimiliiDiu  minerals,  eepecUll; 
tbe  feldapars  of  gronitio  and  gneisBoid  rooks  and  porphyries.  In  some  re^ons  where  then 
b)cks  have  deoomposed  on  a  large  scale,  the  reaolthig  olaj  remsJna  in  vaat  beds  of  kaaHn, 
nmallj  more  or  lew  mixed  with  free  qoarbi,  and  Bometimes  with  oxide  of  iron  from  aome  of 
tihe  oUier  minetals  present. 

Ooonn  at  Caehe-Jb)r£s  in  Belgiam ;  also  In  Bohemia;  inSaxoi^.  AtYrieix,  uearLimogw, 
b  the  beat  looallty  (d  kaolin  in  Bnrope,  it  aff  orda  material  for  Qw  famons  S^rres  p<»oela^ 
mannfaotory. 

In  the  U.  States,  kaolin  dcoqis  at  Newcastle  and  Wilmington,  Bel ;  at  variona  looalitiea  in 
the  limomt«  region  of  TermODt  (at  Branfard,  eto-);  Uasaaohusetts ;  PennijlTania;  Jackaon- 
ville,  Ala.;  Bd^fleld,  S.  G.\  nearAngasta,  Qa. 

PHOLBBIIE,  HaiiLOTbtte,  cIatb  allied  to  kaolinite. 

Bapokite.— A  soft  ma^eeiaii  silioate ;  oooois  In  cavities  in  tisp. 


FmiU  Oriyufi. 


AmorpboQS;  granular  to  ciTptocryBtalline ;  nenally  the  latter.  Also  in 
cryBtale,  and  sometimes  mth  cleavage,  but  oiily  becanse  psendomorphB,  (he 
fonn  and  cleavage  being  those  of  tlie  minerals  from  which  derived.  Eai-elj 
a  siibmicaceonB  cleavage,  which  may  belong  to  the  epecies. 

H.=2'5-3"5.  Q.=2'&-2'86.  LiiBtre  feeble,  waxy.  Color  grayish- white, 
grayiflh-green,  pea-gi'een,  dull  green,  brownish,  reddish.  Translucent — 
opaque.    Acts  like  a  gum  ou  pokrized  light ;  DesUl. 

Oomp.,  Tar. — Finite  is  essentially  a  hjdrons  alkaline  silicate.  Being  a  result  of  alteration, 
and  amorphons,  the  mineTal  Taiies  maoh  in  composition,  and  nameious  upeciee  have  been 
made  of  the  mineral  in  its  varions  conditions.  The  TsrietieB  of  piQite  here  admitted  agree 
oloeelf  in  phjaioal  charaoters,  and  in  t^e  amount  of  potash  and  waterpresent.  Average  com- 
position :  Silica  46,  alnmiua  80,  potash  10,  water  S ;  formula  (Komm.)  H,K,Al,Si,0„.  The 
mineral  is  related  obemicaUy,  asitisalsophyaioallj,  to  ««f}7«nti7M ;  and  it  is  an  alkali- alnmina 
MrpentiDO,  as  pTrophyllite  is  an  alumina  talc 

Tbedifferent  kinds  are  eitherpeendomorphonsccystals  after  (IHotite;  (£)  nepbeHte;  (3) 
•capolile;  (4)  some  kind  of  feldspar;  (5)  spodnmene  ;  or  (6)  other  alaminous  mineral;  or  (7) 
dissemioated  masses  resembling  indurated  talc,  steatite,  litbomarge,  or  kaolinite,  also  a  resnlt 
of  alteration ;  or  (8)  the  prominent  or  sole  constituent  of  a  metamorphic  rock,  whioh  is  some- 
times a  p^n»M  seUtt  (analogoos  to,  and  often  much  resembling,  Uikose  MAift,  and  still  more 
doad;  related  topyropA^NiMMAuf).     Some  prominent  Tsricties  are: 

Finite,  ypeckatein  ffr.  the  Pini  mine  at  Ane,  near  Sohneeberg].  Oecnrs  in  granite,  and 
fa  snppewd  Uy  be  pseudomorphons  after  iolite. 

OmsiOKiTB.  In  6-sided  prisms,  probably  paendomorphona  after  nepbelite.  H=3'!L 
0.=S'78^'BS.  Color  grayish-green,  olive-green,  to  brownish.  Brought  by  Uieseokd  from 
GMenland.     Also  of  simili^  charaoters  from  Diana,  N.  T. 

A0AI.1UTOLITE.  Like  ordioaiy  masalTe  {unite  in  ite  amoiphons  compact  texture,  lustre, 
ftud  othsr  physical  characters,  but  contains  more  silioB,  so  aa  to  aSord  the  fotmnla  of  a  bisill- 
Hte,  or  nearly,  and  it  may  be  a  distinct  speoiea.  AgalmaMiit  was  named  from  «yaV*>  ■» 
fcinji,  mdpagtxUt*  ttampofoda,  the  Chinese  oarring  the  aoft stone  Into  miniattue  pagodaa 
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Inigw,  eto.     Part  of  tha  Ki-oalled  ngalmatolltfl  of  China  it  tms  plnite  in  oompotiuon,  uioUiM 
part  ii  oompMit  pTTopbyllite  (p.  840),  aod  still  anothei  B(«stit«  (p.  848). 

Other  mineTaU  belangin^  in  or  aeui  the  pinite  gioiip  sra  :  dj/uyatflbit^  (=g]eMokit«) ; 
paropkiU;  vUtoniU;  po^argiU ;  rotite;  JaOinitt;  gigaTUotite y  hj/gmplliStt ;  gUmbtHU: 
reitorBUiita.    AIm  eataipilite  ;  biAartte  ;  paiagonite. 


Bydro-mica  Group. 
FAUliUNlTB. 

In  six-  or  twelve-sided  prisms,  but  derived  from  peeudomorphiflm  attor 
iolite.     Cleavage :  basal  sometimes  perfect, 

H.^3-5-5.  G.=iJ*6-2'8.  Lustre  of  surface  of  b^sal  cleavage  pearly  to 
waxy,  glimmering.  Color  grayish-groen,  to  greenish-brown,  ofive-  or  oil- 
green  ;  sometimes  black isb-green  to  black  J  streak  colorless. 

Var. — Thia  apecieB  la  a  remit  of  alteration,  and  considerable  variation  in  the  reinlta  of 
HuilyM*  ahoold  be  expected.  The  arrBtaliine  fonn  ia  that  of  the  arigiiuil  iolite,  while  the 
baaal  cleavage  when  distinct  ia  that  of  the  new  apeoiea  fahlonite. 

Oomp._Q  ratio  f or  B  :  fi  :  Bi  ;  H=l  ;  8  :  6  :  1 ;  whence  the  formula  H,BgSiSitOio,  the 
water  bein^  coaiidered  at  bado.  and  as  entering  to  make  np  the  deflcienoj  of  bases  in  the 
nniailioate.  In  some  Idnds,  the  same  with  the  addition  of  HgO.  The  Q.  ratio  of  Iolite.  the 
original  of  the  apecies,  ia  1:3:5.  AnaljBiB  b;  Wacbtmeister,  from  Fahlan,  SiOi  44*00, 
ftlO,  80-10,  PeO  3-88,  MnO  2  24,  MgO  fl-75,  CaO  1-35,  K,0  1-98,  H,0  8M,  F  tr=100-33. 

Pyr.,  etc. — Yields  water.  B.B.  fuses  to  a  white  blebby  glasa.  Not  acted  upon  by  aoida. 
Pjrar|[illite  is  difficultly  fusible,  but  ia  oompletel;  decomposed  by  hjdroohlorio  acid. 

Oba. — FahiuniU  (and  tridatiU)  from  Fahlon,  Sweden,  The  foUowii^  aie  identical,  at 
nearlf  bo;  E^gmaTkHtan&praia^U,  Brevig;  raumite,  Baumo,  Finland;  chiorophj/lliU.Viiibj, 
He. ;  m/rargUiite,  Helsingfora ;  pdyAroMtr,  Eiageioe,  and  (upatioliU,  Norwv ;  Auretu'ta, 
t$ki  Euton  ( Wei*tits,  Fahlon}. 


MAROARODrm. 

Like  mnecovite  or  common  mica  in  crystallization,  and  in  optical  and 
other  physical  characters,  except  usually  a  more  pearly  lustre,  and  the  color 
more  commonly  whitish  or  silvery. 

Oomp— 0.ratiofoiB:lt:  Si:  HmoaUyl  :  6  :9  :  3i  whence  the  fonmiIaE,Bi:ti.SitO>t, 
the  water  being  baaia  Sometimes  Q.  ratio  1  :  B  :  12  :  3;  but  thia  diviaion  belongs  with 
damonrite.  if  the  two  are  distinguisbBble.  Thia  apeciea  appeara  n>  be  often,  if  not  always,  a 
result  of  tbe  hydration  of  mnscoiite,  there  being  all  shades  of  gradation  between  It  and  that 
ipecies.  Muscovite  has  the  Q.  ratio  for  bases  and  silioon  of  4  :  S,  ornearly.  Analyua,  Smith 
8ndBru8h,LilchfleW.Ct,SiO,44G0,Al,O,88-23,Fe,O.l-34.MffO0-37,  CaOO-50,  NfcO4'10, 
K,0  620,  H,0  5-ae,  F  tr. -.100-60. 
For  pyiagnoatias  and  looalities,  see  maaoovite,  p.  813, 
Q-ILBBSTITE. — Eaaentiallj  identical  with  niaiRaiodite  ;  tin  mines,  Saxonr. 


DAMOnRTTE. 

An  aggregate  of  fine  scales,  mica-lilie  in  structure. 

H.=2-3.     G.=2'792. "  Lustre  pearly.     Color  yellow  or  yellowish-whita 
Optic-axial  divergence  10  to  12  degrees ;  for  sterlingite  70". 

Ooi^^-A  hTdrooa  potaali-mica,  like  marpuodite,  to  which  it  ia  eloaelf  related.    Q.  ntio 
28  n,ji,.---:..>..t.>uyi>. 
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for  R  :  U  :  SI :  H=l  :  6  :  12  :  3,  or  I  :  1  for  bases  to  Bilicon,  if  the  water  la  budo. 
H.C,Al.ai.O,..     AnaljBis,  Honi'oe,  from  Stalling,  Uosa.  (ffdrKn^'ld),  SiO,  43-87,  AIOi 86-45, 
FeO,  336,  K,0  10  80,  H,0  51»=B9-73. 

It  is  tha  gangno  of  c^anite  at  Poctivy  in  Brittany;  aad  Dhe  sams  at  Homjob«rg.  WBRn> 
land.     Aaaooiated  with  ooruDilum  in  North  Carolina;  with  ipodumene,  at  Stewing,  Haaii, 

FARAOONTTB.    Pr(«nttite.    Oondte. 

Massive,  Bometimes  coneisting  distinctly  of  fine  scales;  tlie  rock  slaty  <h 
schiEtoBe.     Cleavage  of  scales  in  one  direction  eminent,  mica-like. 

H.=2-5-3,  G.=2'779,  paragonite;  2-S95,  pregrattite,  (Ellacher.  LiiBtre 
BtroDg  pearly.  Color  jellowish,  grayish,  gray isli- white,  greenisii,  light  apple- 
green.     Tiauslucent  j  single  scales  transpai'ent 

Ctomp A  hydrous  todijtm  mica.     Q.  ratio  for  R  :  B  :  Si  :  B=l  :  0  :  12  :  S,  or  1  :  1  to 

htam  and  silicon,  if  the  water  be  made  basic  Formala  HiBai3UiSI|0,,(E  :  Na=l  :  Q)= 
Baioa46'e0,  aIamin&:ie-06,  M>da6-80,  potash  1-74   water  4 '80=  100. 

Pyr. — B.B.  the  paTagoiut«  is  stated  to  be  infnsible.  The  preg^ratUte  exfoliates  somewhat 
like  Termicolita  {a  property  of  EOme  clinoohlore  and  other  species],  and  becomes  milk-whito 
on  the  edgea. 

Ofa« — Piiragenite  ooostitntes  the  mass  of  the  rock  at  Monte  Campione,  in  the  i^on  of 
St-  Qotbard,  containing  cyanit^  and  stanrolite,  called  poragonitia  or  talocse  Bchist.  Tha 
pregrattiU  ia  from  PregraCten  in  the  Posterthal,  Tyrol ;  co^saite,  from  mines  of  Borgofranoo, 

IviOTiTE. — Occnra  in  yellow  ECales,  also  graoular,  witb  aryolite  from  Greenland. 

En^HVLLFTi:, — Aasociated  with  tourmaline  and  corundum  at  UnionTille,  Fenn.  Q.  ratio 
tot  R  ;  R  :  Si  ;  H=l  :  8  :  9  :  a.  Average  oompoaition,  Silioa  41 -U,  almnina  43-3,  lime  1-8, 
potash  313,  soda  o-O,  water  6-5=100. 

EFiiKaiTB,  LKaLEifiTB.^Hydro-inioiu,  perhaps  identical  with  damoorite.  Oooor  iritli 
oonmdnm,  And  impure  from  admixture  wjUi  ib 

(ELLAcnifKlTE.— A  hydio-mioa,  containing  G  p.  o.  baryta.     FCtscbthal,  TyroL 

CooKerrs.^-A  hydrooa  lithiam  mioa.  From  Hebron  and  Faria,  Us.,  apparently  a  pro* 
dnot  of  the  alteration  of  lubeUlte. 


Amorphons,  compact,  without  cleavage. 

IL=8.  G.=3045.  Lustre  greasy,  inclining  to  vitreoua.  Color  black 
to  brownish-black.     Streak  yellowisb-bi-own.     Fracture  couchoidal. 

Oomp.— Q.  ratio  for  R-l-R  :  Si  :  H=a  :  8  :  S ;  fonnnla  R.R,SI,0,t-i-4aq  (with  one-third 
of  the  water  basic ).  R=Fe,H,;  {t=Fe.  Analysis,  Ueve,  from  Solbei^,  Norway,  SiO.  li5-88, 
PeO,  32-14,  FeO  7-08,  HgO 8-60,  HtO  2204=10010. 

Pyr.,  eto. — Tieids  much  water.  B  B.  tubes  with  difficulty  to  a  black  magnetic  Blag.  With 
the  nuzes  gives  reactions  for  iron.  Jn  hydrochloric  acid  easily  dtcompoeed  without  gelatin- 
idng. 

Obi — Fonnd  at  Longbsn,  Tunabeig,  Sweden ;  Riddoihjttan ;  at  D^erf)  {ttrserCiU),  neat 
llolsuigfon.  Finhmd. 

Bkiunnitb.— Foliated,  alao  radiated.  Color  green,  resembles  chlorite.  Analysis,  Iget 
Strom,  SiO,  3430,  FeO,  407.  FeO  35'73,  MuO  11'4G.  HgU  2-00,  U,0  1001  =  100.  Witb 
magnetite  at  Qrythytt&n.  Sweden. 

N&OTOCITK, — Uncertain  alteratioa -products  of  rhodonite;  amiwphoiia.  uontaina  90-M 
p.  o.  UqO.     Faisbcrg,  near  Filipstodt,  Sweden ;  Finland,  eta 

QiLLOfaiTE  ;  Sweden.     Jollyte  ;  Bodenmais,  Barariik 


H.Uy 


H^ 
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VermieyUte  Oroup* 

The  TKEMioiTLrrBa  have  a  micaceone  structnre.  Tliey  are  all  aDisilicatea, 
having  the  general  quantivalent  ratio  It+B  :  Si  :  H=2  :  2  : 1,  the  water 
being  solely  water  of  crj^stallizatioa.  The  varieties  differ  in  the  ratio 
of  the  baBee  present  ia  the  protoxide  and  sesquioside  states.* 


Orthorhombic  (?).  In  broad  cryatals  or  crj-Btalllne  plaEes.  Cleavage :  basal 
eminent,  affording  easily  very  thin  folia,  like  mica.  Sui'face  of  plates  often 
triangularly  marked,  by  the  crossing  of  lineB  at  angles  of  60°  and  120°, 

H.=15,  G,=230,  Lustre  pearly  on  cleavage  surface.  Color  dark 
yellow ish-bn J wn  and  browniBli-yellow ;  light  yellow  by  transmitted  light. 
Transparent  only  in  very  thin  folia.  Flexible,  almost  brittle.  Optically 
biaxial ;  DesCl. 

Oonp.— Q.  ratio  for  B  :  S  :  SI  :  K=3  :  8  :  6  :  21.  and  B  f  B  :  81 :  H=3  :  8  :  1 ;  whenoa 
B,fitSUO„+Gaq.  Annlywa;  BniBb,  WeBtebeator.  SiO,  3710,  AIO,  17-57,  FeO,  lO'St  PoO 
1-88,  MgO  J8-85,  CaO  056,  NfaO  tr.,  K,0  043,  H,0  18-76=IOO  97. 

Pyr.,  Bto.— When  heated  to  300°  0.  oifoliatea  Tory  remarkably  (like  vermioalite)  ;  B.B,  in 
(o'lMpa  after  exfoliation  becomaB  pearly-white  and  opaque,  and  oitimately  foses  to  a  dare 
gra.j  mass.    With  the  Suxes  reactions  for  silica  and  iron.     Decompoied  by  hydrochloric  acid. 

Oba. — OooarB  in  Teins  in  serpentine  at  Westcheiter,  Pa.     Flatea  often  several  inches  acrou. 

Pthosclkhite.  -Q.  mtiororB  ;  B  :  SI  :  H=4  :  8  :  ti  :  3.and(oiB+B  :  Si  :  H=3  :  3  :  1. 
Silica  aS-D,  alumina  14-B,  mogTiesia  34'S,  water  11-7=100.  Oolor  green.  Elba.  CaONIOBITK, 
also  Elba,  has  the  ratio  3:3:5:3. 

TKiuiir;ni.iTB.— Q.  ratio  tor  E  :  B  r  Bl :  H=4  :  3  :  6  :  8.  MUhnty,  Haas.  Ctjlbaobbitb. 
Q.  ratio  B  :  B  :  Si :  H=3  :  I  :  1  :  1.  Jenk's  mine.  K.  C.  HALi.iTB,sameratio=3  :  1  :  U  -.  8. 
Enat  Nottingham.  Chester  Co.,  Penn.  PBLnAulTR,  same  ratio=S  :  4  :  10  :  5.  Pelham, 
Mass.  Similar  mineral  from  Lenoi,  Delaware  Co.,  Pa.,  above  ratio=6  :  4  :  10  :  G.  In  all  of 
the  above  B=Hg  moRtly,  aod  B— Al  and  ¥o. 

Kbrbttb.— Q.  ratio=fl  :8  ;  10  :  10;  andUACODiTS,  Q.  ratio=3  :  3  :  8  :  5,  are  both  tiom 
Onlsagen  mitie,  Hacon  Co.,  X.  C.     Taalitb,  Q.  rDtlo=6  :  3  :  10  :  4.     Sonth  Africa. 

DIABAKTITB,  Hrtuta  (dUbantnohronnyD,  Lidit). — Fills  oavitie*  in  amygdaloidal  trap. 
Color  dark  green.  Q.  ratio  (or  B  ;  fi  :  Si  :  H=4  :  8  :  6  :  3,  bot  iron  a  more  prominent  ingre- 
dient than  in  pyroeclerite  (seeabore).  Analysis :  Hawes,  Farmington,  Ct,  i  SiO,  3808,  AlO, 
10-84,  FoO,  2-86,  FeO  34  83,  MnO  0-88,  CaO  0-78,  MgO  16-63.  Na.O  0-38,  H.O  100a=99-«ft 


SOBBIUCATBS. 

Ghloriie  Orowp. 

PBMimnTB.    E&mmererit*. 

Rhombohedral.  RKR  =  m°  36',  (?a5=103''  55;  c  =  3-4951T 
Cleavage;  basal,  highly  perfect.  Crystals  often  tabnlar,  and  in  crested 
gninps.  Also  massive,  consisting  of  an  aggregation  of  scales ;  also  com- 
pact cry  ptocry  stall  in  e. 

*  Thsoa  relaUooa  were  bnni^t  «nt  bj  Cooke.     Proa.  Amer.  Aoad.,  Boattn,  187l»  H; 


i.',OO^Ic 
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H.=2-2'5;  3,  at  times,  on   edges.     G.=26-285.     Lnetre  of  cleftT&ge 
surface  peiirly  ;  of  lateral  plates 
W8  858  vitreous,  and  sometimes  brilliant. 

Color  green,  apple-green,  graw- 
green,  graviBh-gruen,  olive-green; 
also  reddish,  violet,  rose- red, 
pink,  grayish-red ;  occaBionally 
yel  lowiah  and  silver- white ;  violet 
crystals,  and  Boinetinies  the 
green,  hyacinth-red  by  trans- 
mitted li^ht  along  the  vertical 
axis.  Transparent  to  snbtranBliicent.  Laniinte  flexible,  not  elastic.  Double 
refraction  feeble;  axis  either  negative  or  positive,  and  sometimes  jiOBitivo 
and  negative  in  different  laminaa  of  tlie  same  plate  or  crystal. 

Oo™P-— Q-  ratio  'm  baaei  and  rilioon  4  ;  8,  but  yarying  from  4  :  8  to  S  :  4.  Exact  dedco- 
tuma  fmrn  the  awJTBan  oannot  be  made  notil  tbe  state  of  oiidation  of  the  iron  in  bU  eases  is 
ascertained.  AaalyaiH  :  Schweizer,  from  Zarmatt,  SiO,  33'OT,  ^lOt  BOQ,  FeO  11-36,  MgO 
83'34,  H,0  12-58=99-oa. 

Pyr.,  etc.— In  the  closed  tube  jields  water.  B,B.  exfoliates  someirhat  and  U  difGcoItlj; 
tnaible.  With  the  flaiea  all  Tarieties  give  reactions  for  iion,  and  many  vaiietieB  react  foi 
obromiam.     Partially  decomposed  bf  iicldH. 

Obs. — Oocnrs  with  seipentine  in  the  region  of  Zermstt,  YalaiB,  oeat  Mt.  Itoaa ;  at  Ala, 
Piedmont;  at  Schwarzeoatein  in  the  Tyrol;  at  Taberg  la  Werralond  ;  at  Snanim.  ESm' 
m«rmC«  in  fuand  near  Miask  In  the  Urala;  at  Hnroldawick  in  Unst,  Shetland  IsleB.  Abun- 
dant at  Texas,  Lancaster  Co.,  Fa.,  along  with  clinocblote,  some  crystals  being  imbedded  in 
dinochlore,  or  the  reverae. 

The  following  names  belong  here :  tabtrgite ;  pttvdt^hxte,  compact,  mnsriTe  {uBophiUi) ; 
hganitt. 

J}eU»»U«,  euraUte,  aplironderiu,  elilm^ipliaiU  are  ohloritio  minerals,  oocnning  under  aimi- 
lar  oonditiona,  in  amygdaloid,  eta. 


RIF^SOI^^B.    Olinoohloi*.     Klinoohlor,  Otrm. 

Monoclinic.     0=62°  51'  =  C»A*-i,  /A/=125''  37',   Oa44  =  108*' 
14' :    c  :  b  :  d  =  1-47756  : 
AM  ess  1-78195  :  1.      Cleavage :    0 

eminent ;  crystals  often  tab- 
nlar,  also  obli>ng;  frequent- 
ly riioinbohedral  in  aspect, 
the  plane  angles  of  the 
base  being  60"  and  120*. 
Twins:  twiniiing-plane  ', 
niikking  stellate  groups,  as  In 
f.  65(i,  657,  very  common. 
Crystals  often  gi'oiiped  in 
rosettes.  Massive  coai-sc  scaly 
gi-aiiiilar  to  liue  granular  and 
earthy. 

Il.=2-'i5.  G.  =  2-65-2-78. 
Lustre  of  cleavage-face  somewhat  jjearly.  Color  deep  crass-green  to  olive- 
green;  also  rose-red.  Often  sti-ongly  ^ichreic  Sti-eaK  greenish-while  to 
nnct^ured      Transparent  to  translucent.     Flexible  and  somewhat  elastic. 

n.iii,-j'--;.  V-  it.n.i>,;n^ 
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Oomp^-Q.  ratio  foe  B  ;  S  :  SI :  H=5  :  8  :  6  :  4 ;  ooirespondiiiK  to  lfgtAlfll.0 , , + <>qa 
SHioa  82'S,   alamina  18-6,    ma^wia  86-0, 

water  13-9=100.     SometimeB  paxt  of  tiie  Ug  j)gg  gij7 

U  lepltujed  hj  Fe. 

PJt^  ate— Tielda  water.  B.B.  in  the 
plnlumm  fontepg  whitens  and  tnsM  with 
difficultir  oa  the  edges  to  a  KTsflvh-bUok 
kIbbsl  With  borax  a  clear  glan  colored  by 
uroD,  and  Bometiinea  cbrominm.  In  ml- 
{dioiio  acid  wboll;  deooropoeed.  The  varied 
from  Willimantio,  Ct.,  ezfoliateB  In  wonn- 
like  forma.  like  vennioalite. 

Oba. — OocQTs  in  conoeotton  with  ohloritia 


■od  taloose  rocka  oi  achiat,  and  aeipeotine.  TuroMtjihrmt^r  f- 

Pound   at    Aohmatovak  ;    Schwonanitein  j  womicneiwr.  i-axaa. 

Zillerthal,  etc.  ;  red  (koUeAvbaU)  in  the  dia- 

trict  ol  Ufalelak.  8oiitheni  Unu;  at  Ala,  Kedmont;  at  Zennatt ;  at  Hktienbeig,  Sozonj. 


Hex^onal  (t).     Cleavage :  baBal,  eminent.    Crj-staU  often  implanted  t>jr 
their  Biaee,  and  in  divergent  groups,  fan-shaped,  or 
spheroidal.     Also  in  lat^  lolia.     Masaive  granalar,  flS6 

H.=l-3.  Q.=2-78-2'96.  Translucent  to  opaque; 
transparent  onlj  in  very  thin  folia.  Lustre  of 
cleavage  surface  feebly  pearly.  Color  green, 
grass-green,  olive-green,  olackish-green;  across  the 
axis  by  transmitted  light  sometimes  red.  Streak 
ancolored  or  greenish.  Laminse  flexible,  not  elastic. 
Double  refraution  very  weak ;  one  (^tical  negative 

axis   (Dauphiny) ;  or  two  very  slightly  diverging,  apparently   normal  to 
plane  of  cleavage. 

Oomp.— XJ.  ratio  f or  B  :  fi  :  SI :  H=ia  :  9  :  14  :  9t ;  for  bawa  and  aiUotm  8  :  2.  AT«tan 
ooinpaBUini=Silioa  30-8,  olmniiia  19'7,  Iron  protoxide  2T'S,  niagneaia  IS'S,  watar  I0'7=1W. 

Py^i  eto. — Same  aa  for  ripidolite. 

OM^Like  other  obloritee  in  mode  of  ooonrrenoe.  Sometimea  in  implanted  OTBtala,  u  at 
St.  Ckithaid,  etc.  ;  in  the  Zillerthal,  TttoI;  TraTeisella  in  Piedmont;  in  Styria,  Bohenua. 
Alao  maaalTe  in  Cornwall,  in  tin  veina  (where  it  ia  called  ptach) ;  at  Arendal  in  Norway. 

Cbonredtitb.— Q.  ratio  B  :  fi  r  SI :  H=8  :  8  :  4  :  8.     Prdbram ;  Oomwaa 

STRIflOVm.— Q.  r»tio=8  :  3  :  4  :  a.     In  granite  of  Btriegan,  SUeoia.    OBOGBAUITC  mum 


MASOABITB.    Feil^lmmv,  Oerm. 

Orthorhombic  (J) ;  homihedral,  with  a  monoclinic  aspect. 
120°.  Lateral  planes  borizontally  striated.  Cleavage: 
basal,  eminent.  Twins:  common,  compoeition-face 
/,  and  forming,  by  the  crossing  of  3  crystals,  groups 
of  6  sectors.  Usually  in  intersecting  or  aggregated 
laminn ;  sometimes  massive,  with  a  scaly  structure. 

H.=3-6-4-5.  G.=2-99,  Hermann.  Lustre  of 
base  pearly,  laterally  vitreous.  Color  grayish,  red- 
diah-white,  yellowish.    Translacent,  subtranslnoent    Laminse  rather  brittle 


358  DBSCBIFrTVB  HIHEKALOOT. 

Optic-axial  angle  very  obtnse ;  plane  of  axes  parallel  to  tlie  longer  diagonal ; 
di&pereion  feeble. 

Oomp^-Q.  raUoforB  :  B  :  81  !  H=l  :  0  :  4  :  1 ;  whenoe,  if  the  water  be  baalo,  forbuM 
uidailiooii=2  :  1,  forraalaBIlSiOt ;  tlwt  ii, HiOaA:liSl,0,i.  Aaalysis,  Bmith,CbeeteT,  Hav., 
BiO,82-ai,  ±10,48-87.  FoO,  8-50,  MgO  0-33,  CaO  101)2,  Na,0(K,0)  101,  H,0  4-Cl,  IJ,0 
0-83,  MnO  0-30=100-96. 

FtTi  eto.— Tields  watei  In  the  closed  tabe.     B.B.  wUteiu  and  fuses  on  the  edges. 

Oht. — Hargarite  oocnrs  in  chlorite  from  the  Qremer  Mt«. ;  near  Bterzing  in  the  TttoI  ;  at 
difterent  looalitlw  of  emerj  In  Asia  Minor  and  tjie  Qrecdan  Aiohipelago  :  with  corandnm  in 
DelKware  Co.,  Pa.;  at  UnionTille,  Chester  Co.,  Pa.  {eoruTtd^iUi ;  in  Madison  Oo,  (ottiiff- 
monib),  and  dsewhete  in  North  CaroIinA ;  at  the  emer;  minai  of  Chester,  Uasa. 


Monoclinic,  or  triclinic.  /a  /'  about  100°  ;  O  (or  cleavage  errface)  ou 
lateral  planes  93°-96',  DesCl.  Cleavage:  baeal  perfect;  parallel  to  a 
lateral  plane  imperfect  Uanallv  coarsely  foliated  masBive ;  folia  oftei 
enrved  or  bent,  and  brittle;  alBO  in  tbin  scales  or  atnall  plates  disseminatec 
tbroagh  the  containing  rock. 

H.=6-5-6,  Gr.=3*5-3-6.  Color  dark  gray,  greenish-gray,  greenish- 
black,  grayish-black,  often  grass-green  in  very  thin  plates ;  strongly  divliroic. 
Streak  uncolored,  or  grajisli,  or  very  slightly  greenish.  Lustre  of  surface 
of  cleavage  somewhat  pearly.    Brittia 

Tar. — 1.  The  original  Moritoid  (or  chlotitspath)  from  Eoraoibrod,  near  Katharinenboig  in 
*he  Ural.  2.  The  SUmondiru,  from  St.  Haroel.  8.  Matoniu.  bom  Natic,  B.  L,  in  vet; 
Qraad  plates  of  a  doik  gm^h-greeo  color.  The  Canada  mineral  is  in  small  plates,  one-fonrtb 
in.  wide  and  half  this  thick,  disseminated  throi^li  a  schist  (like  phjllite),  and  also  in  nodnlct 
of  ndiated  Btmctoie,  half  an  inch  through.  Thatof  Q[unnoh-Daghi:e«eiabIeBei8inondii>e,it 
dark  green  in  thick  folia  and  grawgreea  in  Tsrj  thin. 

Omip. — Q.  ratio  foi  R  :  ft  ;  SI :  H=l  :  8  :  2  :  1,  for  most  analyses.  AnaljdsbjT.  EobeH, 
BregtBCten,  SiO,  8818.  AiO,  88-80.  FeO.  BOO.  FeO  21  11.  MgO  3-80,  H,0  5-30=100-40. 

Fyr.,  ato  — In  a  matiass  yields  water.  B.  B.  nearlj  infusible ;  beoomea  darker  and  magne- 
tic Complet«l;  decomposed  by  solphurio  acid.  The  masonite  fuses  with  difficnlt;  to  a  dark 
gieen  enamel. 

Obi.— The  EoMolbrod  ohloritoid  i*  wsooisted  with  mica  and  0}raiilte ;  the  St.  Harcal  oooon 
tn  a  dark  green  chlorite  schist,  with  gameta,  magnetite,  and  pTiite ;  the  Rhode  Island,  in  an 
ai^laceoDB  schist ;  the  Chester,  Mssa. ,  in  taloose  schist,  with  emety.  diaspora,  etc, 

Pi^U  (and  ottrelite)  closely  leaemblet  oblodtoid.  though  the  analyses  hitherto  made  show 
R  wide  discrepanoy,  perhaps  from  want  of  pnrity  in  the  material  snolyscd-  Occars  m  Email, 
oUong,  shining  scales  or  plates,  in  irgillaceons  schist;  Color  blackish  gray,  greenish -gray, 
black.  Phyllite  occurs  in  the  schist  of  Steriing,  Goshen,  Chesterfield,  Flikinfield,  etc..  In 
UassaohnsettB.  and  Newport,  R.  L  {ruiaporlile).     OttreUU  is  from  a  similar  rock  near  Ottrei. 

Sbtbbktite. — Orthorhombia  l.\l=  130°.  In  tahnlai  ciystals,  sometimes  htiogonal ; 
also  foliated  massive  i  sometimes  lamellar  radiate.  Cleavage:  basal  perfect  Stractore  thin 
foliated,  or  micaoeouB  parallel  to  the  base.  H.=4-5.  (i.  =8-8-1.  Lustie  pearly  submetalliu. 
Color  reddish -brown,  yellowish,  copper-red.  Folia  brittle.  Analysis.  Brnsh,  Amity,  Sid 
•0-ikAIO,S0'18.  FeO.  8-37,  MgO20'84,  OaO  18-00.  H,0  1-04.  Na,0,KiO)  1-48.  ZiO,0-7S= 
100*80.     Amity,  N.  Y.  {elintoniU) ;  Fawathat  (bmnHitiU);  Blatoost  ixanUvuphyOiUi. 

CoRDnDOi'HIi.rnt. — A  ehlotite  with  the  Q.  iatiD=l  :  1  : 1  :  J.  Occurs  with  ocnuidam  at 
llliOTille,  K.  C;  Chester,  Mass. 

DDDi.KnTB.—AltflT«Uon  product  of  mai^Tlte.     Clay  Co.,  N.  C. ;  Dndleyrille,  Ala. 

WtLLCoxlTK. — Near  marnrite.  Deoompoaition  prodnot  of  oorniidam.  Q,  ratio  for  B :  fi  ' 
81 :  H=8  ;  6  :  S  :  1. 


':*W,'^IV 


orroBB  ooHFOTmiM. — tastai^txs.  ooLmcum. 


S.  TAKTALATES,  OOLUMBATES. 


PTROOHLORE.* 

Isometrio.  Commonly  in  octahedrons.  Cleavage:  octahedral,  some 
times  diBtinct,  espoi-iallj  in  the  emaller  <;i7stAlB. 

H.=5-5-R.  Gr.=4-2-4-35.  Lustre  viti-eous  or  resinoae.  Color  brOT/n, 
dark  reddish-  or  blackiBh-brown.  Sti-eak  light  brown,  yellowiah-brov/i. 
Subtransluceat — opaque.     Fi-aeture  conchoidal. 

Oonp> — A  colambate  of  otlcimn,  oerlnm,  and  other  bates  iu  -nrying  nmonuto.  Antij/^. 
hy  BammelabeiE.  BrenE,  CbiO^  5627,  TiO,  5'38,  ThO,  4-ee,  CeO  5'SD,  CaO  10-03,  FeO;lJO,) 
6  68,Na.0  5  31,  P8-75.  H>0  163=101-10. 

Oba. — Ooonn  in  ajenite  at  Friedanohivam  and  Lanrrig',  ITorwof ;  at  Bravig  \  near  HJMk 
In  tbe  Urals;  Kaiasntahlgebiige  la  Brelsguii  (Ao}l^'(«)  j  with  BomaiBldte  in  N.  Carolina  (O.  = 
4-TS4,  ohetnloal  chjLraoter  unknown). 

MiCKOLVTE.* — Inminuteyellowoctahedronainfeldspar,  0.=5-5.  Near  pyroohlora,  but 
probably  containing'  more  tantalum  pentozide.     Cheataifleld,  Man. 

PlRRaiTB.^lD  isometric  octahedrons.  OoloT  OT&nge-jallow.  Chemioal  oharaoter  nn- 
knowu.  From  MnrslDsk  in  the  Ural.  A  nunenl  iiipposed  to  be  similar  from  the  Anwea 
I?*"**'""  esaentiallj,  according  to  Hayea,  oolnmbinm,  lirooninm,  oto. 

AzoSTTB. — In  niinpte  tetragonal  ootah«dionsreBetnb1ingiiroon.  From  theAaoreainalUta. 
Ohmnioal  chanotei  onknoirn. 


T4NTAUFIL" 


Orthorhombio.    Observed   planes  : 
(?Al-i  =  123''3i';  a:2:d=  1-5967: 


H  =  117°  2',  iriAl-5  =  143°  6f ,  1-2  A  l-S,  adj.,  =  141" 
48',  i-tAt-J  =  118°  33'.  Twins:  twinning-plane  i-l, 
common.     Also  massive. 

H.=6-6'5.  G.=7-8.  Lustre  nearly  pnre  metallic, 
Bomewhat  adamantine.  Color  iron-black.  Streak  red- 
dish-brown to  black.     Opaque.     Brittle. 


in   the  fignre.     /A  7=  101°  SS', . 


ii 


Ootiqs  Var^-A  tantalato  dther  (1)  of  Iron,  or  (S)  of  iron  and 
■Uanneae,.oi  (S)  a  atrnmo-tantaklie  of  theso  two  baiiefl.  Pormnla 
Fe{libi)TaaOt.  Bn  la  also  often  present  (as  FeSnOi,  aocovding  to  Batn- 
mdsbeTK),  and  some  of  the  tontolDm  ja  often  replacsd  by  oolombiam. 
AnalyEls,  Bamm.,  Tammela  (Q.=T-384),  Ta,0,  7084,  Cb,Oi  7'54, 
SnOi  0-TO.FeO  18-90,  HnO  1-43=UO'0O.  OChetTarietfes contain  mnoh 
more  CbtOi,  the  kinds  sh«de  into  one  another. 

Fyr.,  eto^ — B.B.  onaltaced.  With  borax  slowly  dlaiolved,  yielding  an  iron  giaxB,  wUoh,  M 
a  certain  point  of  BatimU<ni,  givai,  when  treated  in  B.F.  and  sabseqnently  flamed,  agray- 
ish>«hlte  bead ;  if  oomplete^  tatnnitcd  bocomes  of  ftself  clond;r  on  cooling.  With  salt  of 
photphoniB  dissolTet  slowlr,  BiTins  an  iron  glass,  wbioh  in  K.F.,  if  free  from  tangsten,  is 
pale  yellow  on  cooling ;  treated  with  tin  on  oharcosJ  it  becomes  green.  If  tungsten  is  present 
the  bead  is  dark  red,  uid  is  nnohanged  In  color  when  treated  with  tin  on  chsrooai.  With 
Wlda  and  nitre  gires  a  gresniah-blite  naoganoBe  reaotitm.  On  charooaJ,  with  soda  and  soffl- 
rimt  boiax  to  diMolre  tbe  iron,  gtres  in  B.F.  metaUlo  tin.     Deoomposad  gn  fiaian  wttb 


H.Uy 


H^ 


960  i>B«iRiPTiVB  tfonatiidtar. 

poU^mn  blsulptikte  in  tha  platdnom  tpoaa,  and  girM  on  tT«Ktin«nt  vlth  dilnte  bTdnMhIoil* 
Mid  K  jeilow  Milatuni  snd  a  he&T7  white  pomler,  which,  on  addition  of  mslallla  lino,  awamM 
a  unudt-blne  oolur ;  on  dilndon  with  w&tei  the  bins  oolor  moim  dinppeua  (t.  KobeU). 

Ob*. — Tantalito  is  confined  moeUy  to  albite  or  oUooobae  granite,  Mid  i*  nroallT  MeooUted 
with  berjL  Ocoan  in  Finland,  at  several  plaoea :  in  Sweden,  in  Fahlnn,  iC  Broddbo  and 
Finbo ;  in  Fiance,  at  CbanUtonbe  near  Limogea,  in  pqfmatite ;  in  North  Carolina. 

Named  Tantalite  bj  Ekeberg.  from  the  mythlo  Tantalna,  in  plB;fiil  alloaion  to  the  difflonl- 
tii»"(taiita]iiing)  he  encountoied  in  hia  attempta  to  mako  a  aalDiion  of  the  Finlaod  minanl  in 


OOIiUMBlTiL*  Niobite.     FenoHmenite. 

Orthorhombic  /A/=101''  26',  0 a  1-1  =  134°  63*':  i:l:A*' 
1-0038  : 1-2225  : 1.  (?Al-r  =  140°  36',  i>  A  1-8  =  138''  26,  t-iAl-(=: 
104°  30*,  l-«  A  l-(,  adj.,  =  161",  i-i  A  i-J,  ov.  i-i,  =  135°  40',  i-i  A  i-i,  ov.  »-*, 
=  185**  30'.  Twins :  twiniiing-pUne  2-i.  Cleavage :  i-l  and  i-l,  the  foimei 
inOBt  dietinct     Occuis  also  rarely  massirfl. 


A"^     ^an^K^    f^^^^^^ 

1     J 
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HiddlAtown,  Conn.  Qieenland. 

H.=6.  G.=5'4-0'5.  'LiiBtre  sobmetallic ;  a  little  shining.  Color  iroa- 
hlftck,  browniBh-blaok,  grajiBli-black ;  often  irideaoent.  Streak  dark  red  to 
black.     Opaque.     Fracture  siibconchoidal,  uneven.    Brittle. 

Oom^  Tar. — FcCbi(Ta,)Oi,  with  aome  mangnneis  repladntf  part  of  the  fioa.  Tht  ratio 
of  Ob  :  Ta  generallf =8  :  1  (Bodenmaiii,  Haddam),  aometiinei  4  :  1,  8  :  1,  10  :  1,  «ta.;  in  tbe 
QTAMiiaod  colamblta  the  TaiOi  i«  alioact  entirelT  abeent. 

Analrw*.  BloDuttand,  (I)  Haddam  ,Q.~6  16),  12)  OrsBnlaDd  (G.=0-SOB). 

Cb,0,        Ta,0,       WO,       SdO,       ZtO,         FeO        HnQ        H,0 
{])        81-88        2855        0-76        OM        0-M        18M        4-97        016=1001« 
(8)       77-97        0-18       0-73       0  lU        17-38       801         — =  09-60 

Pyr.,  Bta— Lihs  tantalite.  Ton  Kobell  itatea  that  when  deeompOMd  br  (nrion  wtUi 
aan«tio  potaali,  and  treated  wiUi  hj'drooiiloria  and  •nlphnrio  adda.  it  girea,  on  the  addition  of 
Etno,  a  blue  color  mncb  more  lasting  than  with  tantalite ;  and  the  rariatr  <lianit4,  wImx 
ainularlj  treated,  giTee,  on  bailing  with  tin-foil,  and  dilation  with  Iti  volnme  of  water,  ■ 
MppMre-blae  flnid,  while,  with  tantalite  and  ordinary  oolDmbtte,  the  metallio  acid  retnatn* 
nndiMolved.  The  Taxielj  from  Hsddun,  Ct..  ia  partially  deoompoecd  when  the  powdet«d 
mineral  ia  evaporated  to  dryneia  with  oonoantiated  ■nlpfando  aoid,  its  cdor  is  changed  to 
whit«,  light  gray,  or  yellow,  and  when  boUed  with  Itydioohlwio  acdd  andmstallto  iIdo  it  gives 
a  beantihil  Une.  The  remarkably  pni«  Mid  noahered  oolvmlwte  from  Arkrat-floid  in  G^e«a^ 
land  ia  aI«o  partially  deoompoaed  bf  •Dlphniio  aoid,  and  Um  prodnot  givee  Uie  teaetlDn  taak 
with  aino,  aa  above- 
Ob*. — OcoQiaatBabetwtein,  Bavaiia;  at  Tiiaahenrenth.  Bavaria ;  atTammelaln  Finland; 

at  ChantelOube,  neai  Limogaa ;  near  HiaA  in  the  " Mta 

U  FinUdd  i  in  QnenUnd.  at  Brlgtok. 


..,1,^ 
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iL:  tbo  tTidted  Btntea,  at  Haadwn.  in  *  gmatte  rdn,  ud  nev  Wddleliown,  Ooon. ;  «l 
Oheaterfield, Kua  -  BtudUh,  Me. ;  AoworUi,  N.  H.  ;  alM  BeTetlj.Hiwt.:  Si>rthfiBld,HaML|' 
Ryraonth,  N.  H.  ;  Greonfleld,  N.  T. 

Tha  Oaanectiont  citbUIi  ar«  nraallr  nther  fnigile  from  p«itial  oliAiige :  while  tfaoas  of 
Qreemlutd  and  of  Midae  are  vei;  Btm  Mid  baid. 

HBRHANNOLITE  (Shepaid).  —From  the  colombitie  looalitj  at  Haddam,  Ot. ,  and  %  rarie^  of 
ndnmblte  dne  to  alleration.  0'.=5'»9.  8uppo«ed  b7  Eeruuuin  to  cantoin  "  ilmeniiiin  "  pent- 
oxide  (11,0 1). 

Tapiolite.— TBtn-powL  e  =  -6«4  (rntdla  iS='6442).  FeTa,(OI).)0„  »ith  Ta  :  Cb=4  i  1. 
Tunmela,  Finland* 

Hjbluitb. — k  Btanno-tautalata  of  izou,  nianlnm  and  jttdain.  Ttaadn,  Ooloi  black 
Neai  Fahlnn,  Sweden. 


TTTROTANTAUTH.    BUdk  TUmtantaUtH 

Orthorhoiiibic.    /A  1=  123°  10' ;  £?  A  2-t  =  103**  20';  i:l:d=  2-098* 
:  1*8482  : 1.    Crystals  often  tabular  parallel  to  t-I.                (^ 
Also  massive ;  amorpboae.  

H.=5-6-5.  G.=6-i-5-9.  Lustre  Bubmetallic  to 
vitreous  and  greasy.  Color  black,  brown.  Streak 
gray  to  colorless.  Opaque  to  enbtranslucenL  Frac- 
ture small  conchoidal  to  granular. 

Oomp.— Uotti7  R,(Ta,Cb),OTt  with  two  eqninlent*  of  wal«r, 
peihape  from  altentioni  U=Fe  :  Oa  :  Y(BT,Ce)  =  V:  2  i  4.  Cou> 
taining  also  WO,  and  8nO,.  AnalTBls  {Bknim.).  Ttterbf,  T«,Oi 
46-as,  Gb,0.  IS-aS,  BnO,  113,  WO,  3'86,  UO,  1-S1,Y0  10-Sa,  BK> 
6-71,  PeO  8  80,  CaO  S'22,  Ca  S'73,  H,0  6'3I=a8  95. 

Pyr.,  ate. — In  the  olo«ed  tube  yields  water  and.  tninii  yellow. 
On  hitensa  Ignition  beoomea  white.     B.B.  inftuible.^Vfith  aalt  of 

phorohonu  dioaolTM  with  at  ftiat^a  'Bepantlou  of  RwBHe  akeleton  of  tantalum  pentoxlda, 
wbicA  with  a  atzoog  beat  i*  also  diasolved ;  life  black  Tarlet?  from  Ytterb;  gives  a  glan  faintly 
tinted  toaa-red  from  the  preaenoe  of  tnngaten.  \Vith  soda  and  borax  on  obatooal  giTei  traoei 
of  metallio  tin  (Benelina).  ITot  deoompoaed  bj  ooids.  Deoompoiwd  on  fadou  with  potaa-. 
■turn  bianlpbate,  and  when  the  prodnot  ii  boiled  with  hydiyehlona  ooid,  metallio  zinogtT««K 
pale  bine  oolor  to  the  aolntlon  which  aoon  tadea. 

Oba. — Oooon  in  Sweden  at  Tttexb; ;  Kb  the  Eonrfret  mine,  «ta,  neu  Fabian. 

SAMARBKITB.*  nianotantaUte. 

Orthorbombic.      /a/=  122"  46' j    1-i  A  1-i  =  98°  ;    ^  :  3  :  <I  =  0-949  . 
1-833  :  1.      CrTstale  often  flattened 

parallel  to  i-i,  also  less  often  to  t-i.  SOS  H6 

Also  in  large  irregular  masses  (N. 
Carolina).  In  flattened  imbedded 
grains  (Urals). 

H.=5-5-6.  G.=5-614-6-76;5-45 
-6'69,  North  Carolina.  Lustre  of 
■orface  of  fracture  shining  and  sub- 
metatlic.  Color  velvet-black.  Streak 


dark  reddish-brown.  Opaqne.   Frao- 
tun]  suhconchoidal. 


Oonp.— AnalTMa ;    1.    AUen  <prfr.  eoif  North  OanliiM. 

tdb.);  9.  FiiikKMraniatqihui:  a«».  v-™™-. 
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ObiO,  Ta,0.  wo,  SnO,  ThO,ZiO,UO,  MnO  FeO     OeO*     TO    ChO    0.0 
1.  BOtDhen 

Coi,  N.  a,  87-30  18.60 0-08 13  46  0-75  lOflO    4-25    14«  OM  1-19= 

TJO.  100-89 

8.  UlMk,  47-47  1-88  0-06  OW  4-36  10-96  0-96  11-88+  8-81    12-81  0-W  0-4B 

HgO  0-14=99-76 
•  wiui  L«o.  mo. 

t  with  O'W  OuO. 


In  O.P.  girea  a  yellow iah-green  to  red  bead,  in  E.F.  a  yeUow  to  greecL^-black,  whioh  od 
flftmli^  beoomss  opaque  Had  yellowisli-brotra.  With  salt  of  phosphoraa  in  both  flames  an 
emerald -Kreen  bead.  With  soda  yields  a  manganese  leocticai-  Decomposed  on  fusion  with 
potMtinm  biiolphate,  yielding  a  yellow  mass  which  on  treatment  with  dilate  hydroohloria 
ft^  ■eparatee  white  tantalio  acid,  and  on  boiling  with  metallio  dno  e^res  a  flue  bine  oolor. 
SamarAIte  in  powdei  is  also  saffioiently  deoomposed  on  boUing-  with  concentnLted  mlphnria 
acid  to  give  the  blue  rednction  test  when  the  acid  floid  is  treated  with  metallic  zino  or  tin. 

Oh«, — OocniB  in  teddiah-brown  feldspar,  neat  Miflsk  in  the  Ural ;  the  pieces  having  the 
■iia  of  hazel-nnta.  In  masees,  sometimes  weighing  20  lb«.,  in  the  decomposed  feldspar  of  tba 
mioa  mines  of  western  North  Carolina,  especially  in  Mitchell  Co.  At  both  looalitieB  it  ia 
often  intimately  asnodated  with  oolambit« ;  at  Miask  the  ciystals  of  the  latter  spedes  wo 
Mmailmes  implanted  in  parallsl  position  npon  those  of  the  samarakite. 

NOBUTB.— Keaiaamaiskite,  bntoontains4-S3p.  d.  water.     ITohl,  Sweden. 


Orthorhombic  Form  a  rectangnlar  prism  with  lateral  ed^  replaced, 
and  a  pyramid  at  Biimmit,     Cleavage  none.     Commonly  maesive. 

H.=6-5.  G.=4-60-4-99.  Lustre  brilliant,  metallic-vitreous,  or  some- 
what greasy.  Color  brownish-black ;  in  thin  splinters  a  reddish-brown 
translacence  lighter  than  the  streak.  Streak-powder  yellowish  to  reddish- 
brown.     Fractnre  subeonchoidal. 


FeO  1-88,  H,O3-08=99- 

Oba. — Occnis  at  JBlstet  in  Norway ;  near  Tvedestiand  ;  at  Alye,  island  of  Tromoen,  n«ax 
Aiendal;  at  Horetjik,  near  Naskilen. 

Named  by  Scheeierfiom  iBfirsi,  a  itrtmgtr,  in  allusioa  to  tlie  laiitjof  its  occnrrence. 

SacKmnK. — Orthorhombio.  E.  =  fi-6.  a'.=4-9'6'14.  LuBtre  submetallic  to  rralnons, 
neaily  dnll.  Color  nearly  blade  Streak  gray.  Pntotnre  small  mboonchoidaL  Analysis, 
Bamra.,  Cb,0.  38  Bl,  TiO,  33-64,  SnO,  018,  TbO,  15-75,  FeOS'17,  CeO  18'49,  LaOlDiO) 
S-60,  TO  1-13,  Ca0  3-7a,  H,0  1-07=99-68.  In  feldnur  with  miua  and  lircon.  Miaak  in  the 
Urala. 

PoLTKiomTK.— Orthoihombio.  In  slender  orjBtalB.  H.=6-5,  a.=4-77-4-86.  Laatro 
blilluuit.  Color  blook.  Streak  dark  brown.  Fractnre  perfect  oonohoidaL  Comppaition 
donhtfnl.     Frodoricksvam,  Hotway.     Perhaps  identical  with  leschynite  (Frankenlieim). 

PoiY CRASH. —Octh orb ombio.  H.=0-5.  G.=6-09-5-13.  Lostre  bright.  Color  bUck, 
Streak  grayish- brown.  Fracttire  oonohoidal.  Analyais,  Bamm.,  CbiOiSO'RS,  TatO,4-0O, 
TiO.  36'Se,  TO  38-83,  FeO  3-72,  OeO  3'81,  UO,  7  70  H,O4  03==98-84  In eijstala in  gnaiba 
at  Hitteroe,  Norway. 

HBNan-E. — Occurs  in  short  prisms.  H.=(Mi-S.  Q'..=6-48.  Oolor  Iron-black.  Contalna 
■Irooninm,  iron,  titanium.     In  granite  veios  in  the  Ilmeu  Hta. 

BUTHBKFOBDITB. — Donhtfnl ;  oont^ni  tttanjnm,  oeriiun,  eto.     Entherf oid  Co. ,  K.  (L 


PBRanSOHTTEI.*  TeUow  TttrotantallteL    Tyrlto.    Brs|^t«. 

Tetragonal,  hemifaedral.     ^  A  l-»  =  124°  20' ;  <!  =  1-464.    Cleavage :  1 
in  distinct  traces. 


H.UyiV 


OZTOKN   OOHPOUNDS. — TASTALATBe,  OOLrUBATBS. 
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H.=8-5-6.    G.=6-838,  Allen;  5-800,  Tomer.    Lustre  externally  dull, 
on  the  fracture  brilliantly  Titreons  and  eiibmetallic. 
Color  brownish-black;  in  thin  scales  pale  liver-brown. 
Streak  pale  brown.     Snbtrauslucent — opaque.     Frae- 
tore  imperfect  conchoidal. 

Oomp. — Aoaording  to  Bammelsberfr,  emectislly  Bi(0b,T*)iOt. 
Antdrtdi^  Bamm.,  Oreenluid,  Cb,Ot  44-46,  Tb,Oi  6'SO.  BiiOi  047, 
WO,  CIS,  TO  84-87,Ec09-81,  Ce07-«3  16-63  LaO.DiO).  UO,  268, 
FeO  0  -74,  CftO  0-61,  EgO  1-49-99 10.  The  unoimt  of  water  vaiiM 
fnmi  I-4B-7p.  o.,  and  IsiegudedbjBammelibeigsBuuiiigfrom 
ftlteratton. 

Oba- — FtrguttmiU  oooms  nesr  Cape  Farewell  In  Qteealand,  dU- 
Mmlnftted  In  qnarta.  Also  found  at  YVaeibj,  Sweden ;  in  SQeeu. 
Brtiffitt  in  fiom  Hulle,  Alve,  and  elsewhere  in  Norwi^.  TjpiU  is 
Maocdated  with  suzenite  at  Hampetnjr  on  the  iaUod  of  l^moe, 
and  Helle  on  the  tnainland ;  at  Smiknl,  abont  ten  miles  eaat  of 
Arendal. 

KocHKLTTB. — Near  feigtuomte.  In  yellow  Bqaare-ootaliedii 
Kochelwieeen,  neai  Sdhielberhao,  Bileala. 

AHELPBOLtTB. — A  oolnmbste  of  '—— 
wMm,  and  O'V  p.  &  cd  water. 


and  onuta  In  gniilt& 


and  manganeae,  oontalalnff  41-8  p.  o.  of  metaOit 
H.=:8'S-4-C.    G.=8-&    Tammela,  FbilaM, 


byGoogIc 


8.  PHOSPHATES,  ARSENATES,  VANADATES,  ETtt 


Ajitbtdbotis  PaoapHATES,  Absenates,  bto. 


TetngonEiL     OM- 


Otrm. 

=  138°  45';  i  =  0Q201.     1  Al,pynim.,  =  134°  26'j 
baaal,  =  62"  30'.    Cleftvage :  J,  perfect 

H.=4^.  Q.  =4*45-f-56.  Lustre  resiDoiis. 
Color  yello  wish -brown,  reddiBb-brown,  hair-brown, 
fleeh-red,  iiniyiBh-wbite,  palo  yellow ;  Btreak  pale 
brown,  yeflowisb,  or  i-eddieb.  Opaque.  Fracture 
uueveii  and  eplinterj'. 

Oomp^-T,F,Oi=Fhosphonia  pentoxUe  <P.0>}  87-87,  Tttdk 
«-18=100. 

Pyr.,  etc. — B.B.  iufiuible.     Whan  moistened  with  nilphnila 

kdd  colors  tlia  flanu  blniib-green.     DifBcoltl?  soluble  in  nU 

of  phospboms.    Jnsolnble  in  adds. 

Oba.— From  a Kisnlte  Teln  »t  HitterSe  ;  at  Ttterb;,  Sweden;  St.  Qothud;  BinneDthaL 

In  the  U.  S.,  in  the  gold  washings  of  Claikirille,  0«<n^;  in  HoDowellGo.,  N.  0.;  in  tlM 

diiKnOnd  sands  of  Bkhift,  Brazil.     The  witnint  at  Eenugott  has  been  shown  bj  Kldn  to  b* 

ootahedrite  (ride  p.  2S0). 

Cbtftolitb  {PJiatp/uMtrite). — CeiPiOi  (with  some  Di),  like  monsdte.     Oooiub  In  mln«li 
gtklns  Imbedded  in  ftpatite  at  Aiendal;  Siberia. 


Apatite  Group. 
AFATmi.* 


HexAf 

0-734603 


mal ;  often  hemihedral.     ^  A 1  =  189°  41'  38",  Kokscharof ;  i  se 
(?Aa.2  =  124°14J'.  Cleavage:  0, imperfect ;/, more 80.    AIbo 


globular  and  reiiifoitn,  tntk  a  flbrotiB  ar  tmperlectl;* columnar 
alio  maKiro,  Bti  ictare  grannlar. 


OZYUEN  OOXPOUIID6. — PBOSFBATTO,  ASBKNATEB,   ST(X  866 

'  H.=5,  Bometimea  4-5  when  massive,  G.=2-92-3-2S.  LnBtre  vitreous, 
inciniing  to  Biibresinoiifl.  Streak  vhita  Color  nauallr  Bea-?reeu,  bluisli- 
ereeu^  often  violet-blue;  Bometimes  white;  trecaaionaliy  yellow,  gray, red, 
flesh-red,  and  brown ;  none  hngliN  Transparent — opaque.  A  bhiiali 
opalescence  sometimes  iu  the  diiCL-tiou  of  the  vertical  axis,  especially  in 
miite  varieties.     Oi-obb  fracture  couehoid&l  and  uneven.     Brittle. 

VaTr— 1.     OrfUnary.     CiTStalllted,  or  oleavKble  and  grumUi  muudve.     (a)  The  atparagv* 

ttoua  (originally  from  Unicu,  Spain)  and  morvtite  (from  AmndiJ)  ore  ordinuy  apatito.  Tha 
■foimei  was  TsUowiah-greeii,  as  the  oune  impliea  -  tha  lattar  tbb  in  graenjah-blue  and  blniali 
orfBtalB;  and  tlie  namei  have  been  used  for  apatite  of  tbe  same  sSsdea  from  other  placea. 
S.  FVinfiu,eoneretionary,fta!aelitie,  ThanftmePAMjiAOT':'t«waBuiedb;Kiiwan  for  all  apatite, 
but  in  hia  mind  it  eapeQiaUj  inoladed  the  flbrous  conoretionaij  and  poitl;  scaly  mineral  from 
Estreioadara.  Spain,  and  elBewtierB.  8.  Flvoi-'apaliU,  Cltlor-apuUlt,  Apatite  olao  variea  u 
to  the  proportion  of  flaoiine  to  obloxine,  one  of  uieae  elementa  sometimea  replacing  neatlj  w 
wholly  the  other. 

Comp.— The  formuloa  of  tha  twoTarietiea  ace  SOaiPiOi -t- GaCli=FhoBphoraB  puntozide 
40  82,  lime  63-80,  chlorine  862=101 '54;  and8Ca,P,0.-l-CaP,=PhoBphonwpantoMrida42-2U, 
lima  5S'56,  Qaorine  S'T7=101-08.  SometinieB  both  o^ciam  chloride  (GaCli),  and  colduia 
fluoride  (CbFi),  are  present. 

Pji.,  ato B.B.  in  the  loroepa  fnses  with  difBonltj  on  tha  edges  (F.  =4-S-S),  coloring  tha 

Qame  reddiah-yellaw  ;  molsbened  wiUi  ■olphniio  acid  and  heated  oolon  the  flame  pale  bluish- 
green  (phosphoric  acid) ;  some  varietiea  react  for  chlorine  with  salt  of  phoaphorus,  when  the 
bead  baa  been  preTiousl;  saturated  with  copper  oxide,  while  others  give  flnorine  when  fuaed 
wich  this  salt  in  an  open  glass  tube.     Qives  a  pbftsphide  with  the  sodium  test. 

DisBOlres  in  hydrochioric  and  nitric  acid,  yielding  with  salphuric  acid  a  copions  precipitate 
of  oalcium  solphate  ;  the  dilute  nitrio  acid  solation  giTes  with  lend  acetate  s  white  precipi- 
tate, which  B.  B.  on  charcoal  fases,  giving  aglobulewithoryHtaUine facets  on  cooling.  Some 
varioties  of  apatiba  phoaphoresce  on  heating. 

TtiS. — CbaracteriiGd  by  Its  hexagonal  form.  Distingmahed  by  its  softness  (rom  beryl ; 
does  not  eSerresce  with  acids  like  the  carbonates  ;  unlike  pyiomorpliite,  yields  no  lead  B.B. 

Obi — Apatite  occurs  in  rooka  of  various  kinds  and  ages,  but  is  mobt  common  in  metamor- 
phio  crystalline  rocks,  especially  In  granular  limestone,  gruiitic  aud  many  metalliferous  veins, 
particularly  those  of  tin,  in  gneiaa,  syenite,  honiblendio  gneiss,  mica  schist,  beds  of  iron  ore; 
oocasionaUy  in  serpentine,  and  in  igneous  or  volcanic  rooks ;  sometimes  in  ordinary  stratified 
limestone,  beds  of  sandstone  or  shale  of  the  Silurian,  Carboniferous,  Jurassic,  Cretaceona,  oi 
Tertiary  formations  ;  also  in  microscopic  crystals  in  many  igneons  rocks,  doleryte,  etc  It 
has  been  observed  as  the  petrifying  material  of  wood. 

Among  Its  prooiinent  localities  are  BbrenfriedeTsdOTf  In  Saxony:  tegion  of  St.  Gotbard 
in  Switzerland;  Musna-Alp  in  Piedmont;  Untersalibachthal  and  elsewhere  in  the  Tyrol: 
Bohemia;  in  England,  in  Cornwall,  with  tin  ores ;  in  Cumberland;  in  Devonshire ;  atWheai 
Franco  (fraiieoUU),  eta  The  variety,  vu/renciU,  oooors  at  Arendid,  Snanun,  etc.,  iu  Norway. 
Th^  atpamgui  »lom  ci  BpaTgditeia  al  Jumilla,  in  Hurcia,  Spain,  is  pole  yellowish-groen  in 
color;  and  a  variety  from  Zillerthol  is  wine-yellow.  The  phoiphortte,  or  massive  radiated 
variety,  is  obtained  abnndantly  near  Uie  junction  of  granite  and  argillyte,  in  Estiemadura 
Spain  :  at  Schlaokenwsld  in  Bohemia;  at  Krageroe,  etc 

In  Mast.,  at  Sorwioh;  at  Bolton,  and  elsewhere.  In  Nmo  York,  tn  St.  Lawrence  Ca,  in 
granular  limestone;  in  Bossie;  Sanfard  mine,  Eaaex  Co.;  near  Edenville.  Orange  Co.  In 
Nea  Jertey,  near  Suckaaunny,  ;  Mc  Pleasant  mine,  near  Mt.  Teabo  j  at  Eurdstown,  Snnei 
Co.  In  I'eari.,  at  Leiperville,  Delaware  Co.;  in  Chester  Co.  In  iJ^tamtrt,  at  Dixon's  quarry, 
Wilmington.  In  Can/ida,  in  North  Eluialey,  and  passing  into  South  Bnrgesa;  slni^ax  ia 
Boss ;  at  the  foot  of  Calumet  Falls ;  at  St.  Eoch,  on  the  Achigaa. 

Apatite  was  named  by  Werner  from  iTtardit,  to  deeeiM,  older  minaralogista  having  deferred 
Uto  aquamarine,  chry°oIit«,  amethyst,  fioor,  schorl,  etc  -~*^ 

OsTEOLrrs  is  mamive  impure  ^tered  apatite.     Tbe  ordinary  compact  variety  looks  lUn  « 
lithographic  stone  of  white  to  gray  color.     It  also  occurs  earthy,     Haiuin. 

OuANO. — Quaao  is  bane-phosphste  of  calcium,  or  osteolite,  mixed  with  the  hydrous  phos- 
phate, brushite,  and  generally  with  some  carbonate  of  ootcium,  and  often  a  little  itiagneaia, 
•Imaino,  iron,  silica,  gjrpsum,  and  other  impurities.  It  often  contains  0  or  10  p.  c  of  watec 
It  is  often  granular  or  oolitic  ;  also  oompaot  through  oonsolidation  produced  by  inflltiatii^ 
waters,  in  which  oose  it  is  frequently  lamellar  in  structure,  and  also  ooaasionally  staligmitii 
and  etaloctitlo.  Its  colors  ore  uso^y  grayish- white,  yellowish  and  dark  brown,  and  sonte- 
Utne*  leddish,  and  the  lustre  of  a  aniface  of  fracture  earthy  to  resinona. 
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PHO8PHATI0  VODULBB.  OoFBOLiTEi. — 'Phoiphatia  nodnlea  oocmr  in  mmnf  fiMiEIIteoiii 
rocks,  wMoh  KM  probabl7  in  all  cases  of  org[uilo  origin.  They  sometime!  preaent  %  airiral  ot 
other  interior  itnictara,  derived  from  the  animal'  or^anlEation  that  afforded  t^em,  and  in 
inch  oaaea  their  ooprolitio  origin  ia  auqnestionabls.  In  other  oaaea  there  is  no  ■tenctnia  to  aid 
in  deciding  whether  they  are  trae  oa[iioUt«g  or  nob 

-  K      PTROMORFUITB*  QiOnbleien,  0«nn, 

HoxRp)nal.  Ilemihedral.  0M  =  139"  38' ;  i  =  0-7363.  Cleav^ : 
J  and  1  in  traces.  /  fioinmonlj  Btiiated  horizontally.  Often  globular, 
reniform,  and  hntryoidal  or  verriieifonw,  with  usually  a  Bnbcoliimnar  etrao- 
tare ;  also  fibi-ona,  and  granular. 

H.=3'5-4.  Gr.=6"5-7'1,  mostly  when  without  lime;  5-6'5,  when  con- 
taining lime.  Lustre  resiuons.  Color  green,  yellow,  and  brown,  of  differ- 
ent aliadee ;  sometimes  wax-yellow  and  £ne  oi-aiige-yelluw ;  also  grayish- 
white  to  milk-white.  Streak  white,  sometimes  yellowish.  Subti'ansparent 
— eiibtranslucent.     Fracture  subcouehoidal,  uneven.     Brittle. 

Comp. — Ajialogons  to ftpBtit«,  3PbtP,Oi-^FbGIi=PhcHphomHpentDiidB  Ifi'Tl,  lead  oxid« 
83'27,  chlorine  3'63  =  I00'S0.  Some  varietiee  contain  Areenioreplaoing  port  of  Lue  phoaphoriM, 
and  others  oalcinm  replacing  the  lead. 

Pyr.,  Btc. — In  the  closed  tube  gives  a  white  snblimate  of  lead  chloride.  B.  II,  in  the  foroepa 
fosee  eiKil;  (F.  =  1'C|,  coloring  the  flame  blaiih-gfreeo ;  on  obaicoal  fnarg  without  rednotios 
to  a  globule,  which  on  cooling  ossamea  a  crjatsllLue  polj^edral  form,  while  the  coal  is  coated 
white  from  the  chloride,  and,  Denier  the  assa;,  yellow  from  lead  oxide.  With  soda  on  charcotti 
yields  metallio  lead ;  aome  varietiea  contain  anenic,  and  give  the  odor  of  gsj-lio  in  E.F.  on 
ohnrooal.  With  salt  of  phosphornK,  previonaly  aatanited  with  Copper  nxide.  givM  an  axnr«- 
bloe  color  to  the  Bame  when  treated  in  O.F.  (chlorine).     Soluble  in  nitrio  acid. 

mB. — CharactenEed  by  Its  high  ipeciBc  gravity,  and  pyiognostiot. 

Obs, — Pyromorphite  ooouni  principally  in  veins,  and  accqmpanieB  other  ores  of  lead.  Oocnrg 
In  Saxony ;  at  Priibram,  Hiea,  and  Bleistadt,  in  Bohemia;  near  PreiberK  ;  Clauathal  in  th« 
Harz  ;  at  Nassaa  ;  Beresof  in  Siberia  ;  Cornwall.  Derbyahire,  and  Cnmberluid.  in  England; 
Leadhills  in  Scotland  ;  Wicklow,  and  eUewbere,  Ireland.  Tn  the  D.  S.  at  Phenixville,  Penn.; 
also  in  Maine,  at  Lnbeo  and  Lenox ;  in  Davidson  Co, ,  N,  C, 

The  firurea  produced  by  etching  (see  p.  118)  show  that  pyromorphibe  is  hemUiedial  liktt 
apatite  (Banmhauer). 

Named  from  wbfi,  fire,  lup^pii  form,  ■^iiTuWng  to  the  orystalline  form  tlia  glnbnle  usitnie*  on 
oooling, 

MZUETim.*  Himeteaite. 

Hexagonal.     Oa1  =  1Z9°   58';  ^=0-7276.      Cleavage:  1,  iraperfocU 
^  n.=3  5.      G.=7-0-7-25,   mimetite ;    fi-4-5-5,   hedy- 

""  pliane.     Lnstie  resinous.     Color  pale  yellow,   paesinK 

into  brown;  orange-yellow;  white  or  colorless.    Streak 
white  or  nearly  so.     Subtransparout— traneUieeut. 

Compr— Fonnnia  3FbiAs,Og-!-PbCl,=AiBenlo   pentoxide   KS-SO, 

lead  oxide  74-96,   chlorine  £-3Q=100*&6.     Qenerally  part  of  the 

replaced  by  phosphorus,  and  often  the  lead  in  part  by  oal- 

Pyr.,  etc.— In  the  closed  tnbe  like  pyromorphite.  B.B.  fuses  at  1, 
and  on  cbarcoal  gives  in  JL,F,  an  areenical  odor,  and  iseaaily  reduced 
to  metallic  lend,  coating  the  coal  at  Erat  with  lead  chloride,  and 
Inter  with  arsenous  o^iide  and  lend  oxide.  Gives  the  chlorine  reao- 
tiona  as  nndec  pyromorphite.  Soluble  in  niUio  acid. 
Oba. — Occurs  at  several  of  the  mines  in  Cornwall ;  in  Cumberland.  At  St.  Prix  in  pTanc« , 
Kt  Johanngeorgenstodt  i  at  Neitschinsk,  Siberia.     At  the  Broolcdale  mine,  Phe&ixviU^  Fk. 


H.Uy 


H^ 
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Hhnstite  ia  hemDiedisl  Itke  apatite  and  pTroinorpliIte,  m  showD  hj  etuhinj  (BBumhauw), 

Nuoed  from  /uiarHtT,  imitatOT,  it  oloaelj  membliiig  pTromoipliite. 

Hedsfhakb.^A  Taiietj  oontaimng  much  oaldom.    Caupyute  oontalna  muoh  Lead  pha» 


vANAsmrrxL'  ^ 

Uexagniial.  In  simple  hexagonal  prieme,  and  priems  terminating  in 
planea  of  tlie  pyramids;  I  A 1,  over  terminal  edge,  142"  58',  O hi  =\^0'' 
34',  /A  1  =  130°.     UBiiallv  in  implanted  globules  or  incrustations. 

H.=a-75-3.  G.= 6-662*3-7.23.  Lustre  of  surface  of  fracture  resinons. 
Ckdor  liglit  brownish-yellow,  straw-yellow,  reddish-brown.  Streak  white  or 
Tellowifih.  Subtrauslacent — opaque.  Fracture  uneven,  or  flat  couchoidaL 
Brittle. 

Cotnp.— Formalft  8PbiTiOi-fFbCli=TBiiadiniiipeDtDxido  18-86,  lead  oxide  78-70  ulilaiiiiia 
8-60= 100-68. 

Fjrr.,  eto. — In  the  oloeed  tube  dearepitates  and  jields  a  faint  white  sublimate.  B.B.  fosei 
mnlji  and  on  atuuooal  to  a  black  liurtroiu  masa,  which  in  K.  F.  yielda  metallic  lead  and  a  coat- 
ing; of  ohloride  of  lead ;  after  completely  oxidizing  the  lead  in  O.P  the  black  reddne  gfTea 
with  aalt  of  pboapbonta  an  omerald-green  bead  in  E.F.,  which  beoomea  light  yellow  in  O.F. 
OivM  the  chlorine  reaotiOD  with  Uto  oopper  test     Decomposed  bj  bydrooblorio  acid. 

II  nitrio  aoid  be  dropped  on  the  crjatiJB  they  become  fliat  deep  led  from  the  separation  of 
vaaiadiiun  pentoxide,  and  then  yellow  npoa  it«  aolntion. 

Oba. — Thia  mineral  waa  flist  diaooTeied  at  Zimapan  in  Uezioo,  bf  Del  Bio.  Since  obtained 
at  Wmnlockhend  in  DomMeHhire ;  also  at  Beremf  in  the  Urol ;  andneaiEappelinCBrintbia. 


Dacauirra— PbViOi  {or  with  some  Zn) = Vanadium  pen  toside  45  1,  lead  oxide  iS4-B  =  100. 
HaseiTs.  Color  deep  red.  DiUm,  near  Niedeiaohlettenbach,  Rhenish  Bavaria.  Freiberg  in 
Breifgan  [eutffruAitt). 

DB8Ci.oiztTR.^Pi>,V,Ot=Tansdmm  pentoxide  2&'l,  lead  oxide  70^=100.  Orthorhombia 
Sonth  Amerioa.     Wheatley  Hine,  Penn. 

PnciiEitiTR{^nu«t).— Orthorhombia,  neat  brookite  In  form  (.WtAtky).  Ooonrs in amall 
implanted  oi7Btal&  Color  reddish'biown.  In  oomposidon  a  bismuth  vanadate,  BiTOt= 
Vanadium  pentoxide  2S-8,  biomnth  oxide  71  7.    Paober  mine,  Sobueeberg,  Saxony. 


ROBCOBLITK. — OoinUB  In  thin  mioaceona  soales,  arranged  In  stellate  or  fan-ahaped  gronpe. 
Color  daik  brownieh-green.  Soft  0.=2'QS8  (Qentb);  3-903  (Rosooe).  Analyses:  1.  Boa- 
ooe  <Pedo.  Roy.  Soo.,  May  ID,  1876);  3.  Oenth  (Am.  J.  SoL,  July,  1670). 


v,o. 

AIO. 

FeO. 

HnO, 

MgO 

CaO 

K,0    Na,0      HO 

28-60 

u-u 

1-18 

115 

a-oi 

Ofll 

8-56     0-83       1-08 
moisture  2  37=101 -Oa 

23  03  V,Oi. 

14-10 

1-67  FeO 



2-00 

t>. 

7-se    o-i0igii.4-oe 

0-36  gongua^  100-32 

The  above  analyses,  made  npon  material  derired  from  the  same  sonroe,  differ  widely) 
egpeeially  in  regard  to  the  state  of  oiidatian  of  the  vanadium.  Oenth  makes  It  T>0||= 
2V,0|,T,0>.  The  formula  given  by  BoBooeia3MT:0>  +  K.Si.Ot.-i-aq.  Found  in  flssurwiv 
tbe  porphyry,  and  in  cavitiea  in  qnarti  at  the  gold  mine  at  Oranite  Oreek,  Bl  Doradv  Oot , 
Oal.    Named  by  Dr.  Blake,  wlio  diaooveied  ib    See  farther  on  p.  4S5. 
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Monoclinic.  ^=71°  63',  /A  /=  95°  25',  <?  A  1-i  =  144=  25'  B.  &  M. ; 
i:  b:  d  ~  0-78654  :  1-045  : 1.  Moet  uf  the  priematiu  planes  deeply  BtriMted. 
Cleavage :  I,  and  the  orthodiHgonal,  impei-fect ;   0  in  traues. 

IL=5-5-6.  G.=S-08S,  transpareDt  crystal;  2'985,  un transparent,  Kam- 
melsberg.  Lustre  vitreous.  Streak  white.  Color  yellow,  of  different 
ehadee ;  often  grayiflh.  Translucent.  Fracture  uneven  and  splintery  across 
tlie  prism. 

aaaip^-TSg,PtOi+VgVt=FbxmpboraB  psDtozidfl  48 '8,  nugnena  871,  fluorine  11-7,  mu. 
nednm  7-4  =  100. 

Pyr.,  etc— B,B.  in  the  foroepe  fnssa  at  4  to  a  greeoUh-^iay  ^Ubb  ;  moistened  with  mlpha- 
rio  vM  colon  the  flame  bIniHh-gieen,  With  borax  reaota  for  iron.  On  fuaioc  witji  soda 
eflerreaoea,  but  ii  not  oompletelj  dinolved  ;  gives  a  lunt  mangaueH  i«actioii.  Fused  with 
■alt  of  phoaphoras  in  'an  open  glass  tube  reacts  for  fluorine.  Soluble  in  nitxio  and  hydro- 
^orio  aoids.     Wit^  sulphuric  acid  evolvee  fumea  of  flnohjdria  acid. 

Obn. — Occurs  in  the  vallaj  of  HoUgisben,  near  Weifen,  in  SalEbDEg,  .Anstxia. 

EJBaiJi.riNE  (v.  Ebbeiri.  — Staiida  neai  wagnerite,  but  exact  natoie  tuoeitaiu.  In  mawf 
of  a  pale  red  ooloi  at  Bomle,  Norwaf. 


HONAZITB.* 


Monoclinic      C=  76"  14',  /A  /=93»  10' 


Natwioh,  Ct 


(9Al-i=138°8';  i:b:d 
0-94715: 10265:1.  Ci-vs- 
tala  iiBually  fattened  parallefto 
t-i.  Cleavage  :  0  yery  perfect, 
«nd  hrilliaiit.  Twins;  twin- 
ning plane  O. 

H.  =  5-5-5.  G.  =  4-9-5-26. 
LuEti-e  inclining  to  resinous. 
Co]  or  bi-ownish-hyacinth-red, 
clove-brown,  or  yellowiah- 
brown,  Subtraneparent — sob- 
translucent.     Rather  brittle. 

Oomp. — Aocotding  to  BammebbeiK, 
BE.P,0,-(-Th,P,0.,  where  E=Ce,lI, 

DL      AnalyeiB  b;   Eersten,   SlatOTist, 
1'4C,MdO  1-88,  CbO  108,  K.OandXiO. 


P,0,  aSM,  ThO,  17«B,  BnO.  210,  CeO  S6  00,  LaO  3J 
(r. =101 46. 

Pyr.,  «t«. — B.B.  infuaible,  tvroa  gray,  and  when  moUtened  with  snlpfanrio  acid  oolon  tiw 
flame  blniBh-green.  With  borax  ^vea  a  bead  jellow  whQe  hot  and  coloricss  on  cooling;  a 
ntnrated  bead  becomes  enamel-white  on  Saming,     Difflcnltl.v  soluble  in  hydrochloiio  add. 

ZUB, — Its  brilliant  basal  cleavage  is  a  prominent  character,  distinguishing  it  from  tHa- 
nlte. 

Oha.— Monadte  occurs  near  Slatonat  in  the  Bmen  Htn.  ;  also  in  the  Ural ;  near  Kdtero  ia 
Norway ;  at  Schieiberban.  In  the  United  States,  with  sillimanite  at  Norwich ;  at  Yorlctown, 
Wettcheater  Co.,  K.T.;  near  Crowdei'a  Mountain,  N.  C. 

Named  from  /loiriCu,  to  be  toUtary,  in  allnaion  to  its  rare  occnrreoce. 

TUKHEKITE. — IiientJcal  with  monazite,  as  first  suggested  by  Prof.  J.  D.  Dana.  Oconis  id 
minute  yellow  to  brown  crystals,  rarely  twins,  at  Mt.  Sorel.  Dnuphiny ;  Santa  Brigritta, 
Tayetsoh  ;  LerohelUny  Alp,  Binnenthal ;  Loacher  Bee  (t.  Rath.).  c:b:  (i=-921i)»S  :  1  : 
•«(8444.     a=7T°18^(Treahmann). 

EOKAKFTXITB  (BadominM). — A  oerinm  phosphate  containing  flaorioe;  near  monaat* 
Oocaia  in  Urge  oyBtalliiM  masMa  (tf  a  yellowiah  oidor  at  Eomfret,  near  Fahlua,  Sweden, 
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TRtPBYVTE.*  Triph^Iine. 

Orthorhombic    /A  /=  98",  OM-l  =  129°  33',  Tscherciak ;  iih-.d- 
1-211 : 1-1504  : 1.      Faces  of  crystals  nBiially  nneTen. 
Cleavage :     O    nearly    perfect    in    unaltered    crystals.  874 

Massive. 

H.=6.  G.=3-54-8-6.  Snbreainous.  Color  green  isli- 
graj;  also  bluish;  often  brownisli-black  externally. 
Streak  gi-ayish- white.     Translucent  in  thin  fi-agmentB. 

Oomp.— It|P|Og,  whero  R=Fe,  Ha,  (Ca)  and  Li,  fK,,  Na,).  Analjais 
bj  Oesten,  (ron  Bodenmais,  PiOt  4418,  FeO  88'31,  HnO  SSS,  HgO 
8-8S,  CaO  076,  L1,0  7-69,  Nft,0  0-74,  K,0  004,  SiO,  0  40 =100  05. 
Tlie  analTsea  yotj  much,  owin^  to  the  Impure  material  employed. 

Pyr.,  eto.^lD  the  closed  tube  aometimea  decrepltatea,  toms  to  a  Nonrlch, 

dark  oolcr,  and  givea  off  tritoes  of  wat«i.     B.B.  luaee  at  15,  coloring 

the  flame  beaatiful  lithia-red  in  streaks,  with  a  pale  bluiah-green  oa  Uie  exterior  of  the  oona 
of  flame.  The  coloration  of  the  Qame  it  best  Been  whea  Uie  pnlveiized  mineral,  moistened 
with  Eolpbiuio  acid,  is  treated  on  a  loop  of  platinum  wire.  With  borax  gives  an  iron  bead  i 
with  soda  a  reaction  for  manganese.     Soluble  in  hydrochlorio  Boid. 

Oba. — Triphylite  oocnra  »t  Baben«teiii  near  Zwiesel  in  Bavaria ;  also  at  Eeityo  in  Finland ; 
Noririoh,  Mass. 

ITamed  from  rpft,  Htn^fM,  wid  ^4t  y^""*^!  ^  Allnston  to  its  ooutslning  Uiree  phoi- 
TdiatM. 

VBXPl^TB.*  Zwi«selite. 

Orthorhombic.  Imperfectly  crystalline.  Cleavage;  unequal  in  three 
directions  perpend ic alar  to  enah  other,  one  much  the  mosi  distinct. 

H.=5-5'5.  G.=3'44-3'8.  Lustre  resinous,  inclining  to  adamantine. 
Color  brown  or  blackish-brown  to  almost  black,  Straak  yellowish-gray  or 
brown.     Sabtranslucent — opaque.     Fractnre  small  conchoidal. 

aoEU>^-BiP,0.-t-BF( ;  B=Fe,  Hn(Oa).  Aiui];b1s,  v.  EobeD,  Schlackenwald,  P,Ot88-8G, 
9e0,  8-30,  FeO  23-86,  MnO 3000,  CaO  230.  MgO 8i}S,  F=8'1D= 104-08. 

Pyr.,  stc. — B.  B.  fnaee  easil j  at  1  'S  to  a  black  magnetic  globule ;  moistened  wltii  Bnlphnrio 
arid  color*  the  flame  bliu«b-gi«en.  Witli  borax  in  O.  F.  givea  an  Bmethystine  colored  ^aaa 
(manganese) ;  in  B.F.  a  strong  reaction  for  iron.  With  soda  reaocs  for  manganese.  With 
aaiphorlo  acid  evolves  flnohydrio  add.     Soluble  in  hjdroohlorio  acid. 

Ob*. — Fonnd  b;  Allnand  at  Limoges  in  France,  with  apatite  i  at  Feilan  in  Silesia. 

Ztoieniite,  a  clove-brown  varieliy,  was  fonnd  near  Babenatein,  near  Zwiesel  in  Bavaria,  in 
quMti  (G.=807,  Fncha). 

Babcopbidb. — Near  td[^t«.     Tnlley  of  the  Hiihlbach,  SileiiB. 

AMBLTOONITZL* 

Triclinio.  Cleavage:  (?  perfect;  t-i  nearly  perfect,  angle  between  these 
cleavages  KHi^" ;  also  /  imperfect  Usually  massive,  cleavable ;  sometimes 
oolnmnar. 

H.=6.  G.=3-3-ll.  Lustre  pearly  on  face  of  perfect  cleavage  {O); 
ritreone  on  i-i,  less  perfect  cleavage-face ;  on  crosa-fi'avture  a  little  greasy. 
Color  pale  mountain  or  sea-green,  white,  grayish,  brownish-white.  Suo- 
transparent — translucent.  Fracture  uneven.  Optical  axes  very  divergent ; 
plane  of  axes  nearly  at  right  angles  toi-t;  bisectrix  of  tlie  aonte  angl« 
Mgative,  and  parallel  to  the  edge  C>/t^ ;  DeaGL  »,.t.niv.n^  ' 
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,g  to  Bammelaber;,  SAlP,0,+8L{(Na)F.  If  N» :  IJ=1  :  4,  iht  fonavb 
reqairea;  PbosphoTUBpentoside  4924,  KluiniiM8S-68,  litbU  624,  soda 
8-23,  fluorine  S-88=I04'17. 

Pyr..  etc.^lc  the  cloaed  tube  yields  water,  whiob  at  a  high  heat  It 
add  and  corcodea  the  glaxa.  B.B.  fusea  eatil;  at  3,  with  Intumeaaeuoe, 
and  beoomes  opaque  white  on  coolmg;  Coltna  the  Same  yellowiah-red 
with  t,iac«a  of  green;  the  Hebron  Tariety  gives  an  intense  lithia-zed, 
moiBUned  with  sulphuric  aoid  gives  a  blnish-gteen  to  the  flame.  With 
cob&lt  solution  sssumea  a  deep  blae  color  (alumina).  With  borax  and 
salt  of  phosphorus  forms  a  transparent  colorless  glsM.  In  fine  powder 
diuiolvea  easily  in  sulphuric  acid,  more  slowly  in  hydroohloda 

T3iS. — Distingtdshed  b;  its  easy  fusibility  \  reaoCion  for  fluorine  and 
lithia ;  greasy  hutre  in  the  mass,  etc. 

Obi.— Occars  at  Cbnisdorl  and  Amsdorf.  near  Penig  in  Saxony ;  alao 
at  Arendal.  Norway.  In  the  U.  Slates,  in  Maine,  at  Hebron  (hebronibe), 
imbedded  in  a  coorw  granito  with  lepidolite,  atbite,  quartz,  red.  grean. 
aad  black  tourmailne ;  alio  at  Mt.  Mioa  in  Paris,  6  m .  from  Hebron, 
with  tonrmaline. 

The  name  is  from  a/ipiiii,  ihtnt,  and  yivt-.  an^. 
HKBaoNiTB. — The  minwal  from  Hebron.  Me.  (see  above),  has  been 
shown  b;  DesCloizeaox  to  differ  in  optical  character  (t>  >  /i)  from  the 
Penig  amblygouite.  On  this  ground,  as  well  ns  on  account  of  a  variation 
it  has  been  proposed  (v.  Kobell)  to  make  it  a  new  npecies.  The  same 
optical  character  and  composition  belong  to  the  minorel  from  Montebnu  (called  moaUbriuiU 
on  the  basis  of  an  erroneous  anaJysia)  Analysia  of  hebronite,  Pisani,  PtOi  46-65,  AlOi 
80-00,  Li,0  B-7B,  H,0  4-20,  F  5-22=101  -82. 

HeKDBRITR. — Supposed  to  be  ao  anhydrous  aluminum-calcium  phosphate,  wiUi  floorilM. 
Color  yellowish- white.     Ehrenfriedersdorf. 

DUBAHQITB.— Monodimo  Cleavage  prismatic  (110' 10).  H.— B.  G.  =8-937-4 -07.  Colox 
bright  oiange-red.  AnalysiB,  Hawea,  Araenio  pentoxide  SS'll.  alumina  17'19,  iron  aesqni- 
oxide  9-28,  manganese  sesqnioxlde  208,  soda  1306,  lithia  0-65,  fluorine  7-67=102-99. 

Formula  BiIIAaiOi  (with  one-ninth  of  the  oxygen  replaced  by  fluorine),  or  fiAsiO(-i-2BF. 
HeieB=ITa:  Iii=10  :  1;  R=Al  :  Fe  i  Mn=l(t:  0:  1.  Other  varieties,  having  a  lighter  ocAoi^ 
have  M  :  F«=6  :  1.     Occurs  with  caanteilte,  near  Dnrango,  Mexico  (Brush). 


Bebronlte,  M^ne. 


in  the  oompoaition 


Anhtdbods  Antimohates. 


HoHIHOI.rrx.— Hdnly  an  antunonate  of  lead.     TeUow.     O.=S'04.     Palaberg,  Sweden. 

Nadoritk.— PbSbiC-i-PbCl,.    In  y(" '     "  _      -     -      =—     —  -   . 

Nador,  province  of  Constantino,  Algler 


NAiK)RiTE.~PbSb,0,-i-PbCl,.    In  yellow  tisnidncent  orjutala.    H.=8. 


:f-02.   Djrtkri- 


BoMBiTK.  —An  antimonate  [or  antimonIt«)  of  oaldnm.  Ooonrt  In  groups  of  minnte  tetra- 
gonal crystals.     Color  yellow.     St.  Marcel,  Piedmont. 

RrvoTiTB. — Contains  antimonio  oxide,  carbon  dioxide,  and  copper.  Amorphons.  Coloi 
yellovrlsfa -green.     Sierra  del  Cadi. 

Stibiotkbbitb.  — Amorphous  coating  on  stibnite,  from  Banta  Glaia  Co. ,  0^.    Mlxtnn  (J). 


KyDBOTTS    FnOBPHATKS,   ABflESAT£B,    BTO. 


Monoclinio.  /a7=111''  6',  t-4  A  t-2  =  109"  26',  lAl  =  117°  24'. 
CleftvRfre ;  *-i  emiiient.  One  of  the  fates  1  often  obliterated  by  the  exten 
■ion  of  the  other.  Surfaces  i-i  and  t-2  nsuallj  striated  parallel  to  tbeii 
mntnal  iittenuction.  Karely  in  eryatalB ;  coininonly  in  delicate  silky  fibroc 
or  acicular  uryutallizatione,  in  stellated  groups.  Auto  boti^oidal  ana  italae 
titi&  uid  Bomotimee  niaasire. 


ozraRH  ooitFoiniDa. — paoepsArtm,  ABHBHATn,  na 
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H.si^2*5.    G.=2'64-2-73.    Lnstre  vitreons ;  on  i-i  inclining  to  pearly 
Color  white  or  grft3'i8h ;  frequently  tinged  red 
bj  areenate  of  coh&lt.     Streak  white.     Trans- 
lucent — opaque.     Fracture  iineven.     Thin  lami- 
uffi  flexible. 


Oomp.— SHCiiA«Oi+5aq=Anenio  pentoxlde  Sl'l,  liue 
Si'D.watra  24-0=  100. 

Pjrr.,  «to. — In  the  oloaed  tabe  jieldB  WKt«r  and  becomes 
Opaqno.  B.B,  in  O.F.  InMS  with  intameioeiuie  to  ft  white 
•Bamel,  and  coiora  the  fl&me  light  blue  (aiaeQio).     On  ohoz- 

eoalln  B.F.  jfiveaarsenioalfnmea,  and  fuses  to  a  Bemi-tmaepftrent globule,  f-.metinies  tinged 
bine  from  traces  of  cobalt.  The  ignited  mineral  leaote  alkaline  to  test  paper.  Inoolutde  !■ 
water,  bat  readily  aoluble  in  adds. 

Obi.— Foond  with.  arsenicBJ  ores  of  oohaJt  and  aQveiatWlttichen,  liaden;  at  AndreaabeiVi 
and  at  Riechetadorf  and  Bieber  ;  at  Joaohinuthal. 

This  speoieH  was  named,  in  allnmon  to  ita  containing  anenlc,  from  ^if/mnw,  ptiion, 

Struvitb. — An  ammnnimn-magitesiam  phosphate  oontolnbg  12  eqaiTalenta  of  water.  lo 
piano  from  Saldunha  Bay,  Africa. 

Haidiuqbritb.— HCaAsO.+aq.=Aneiua  pentoxtde  58'1,  lima  288,  watoi  18-6=1001 
Joaohlmstbal  (?). 

BsDBHiTR.— HCaPO,(RiF,Oi)+3aq=Fha^>horQ*  pentoxide  41'8,  lime  336,  water  6-1= 
100.     HonooUnic     G.=3  308.     Ongnano  at  Aveii  Iiuod  and  Sombrero. 

Hbtabudsoits.— aECaP0i+3aq.  0.=2-35.  Sombtero.  OttHtTHBiTK.  Frobablr  altarod 
bRwhite. 

CanaoHiTB.— BiPiOi+4aq,  with  B=Ce(IH),Oa.    Oomwall. 

WaffIiBSITb  {FrenMd'i. — I^clalinio.  In  minnte  mTHtala  and  in  inematations.  Oolot  white. 
OowpoaiUoD  H(0a.Mg)AaO,+7aq=(0a  :  Hg=4  :  8)  amnio  pentoiide  48-7,  lime  13-S,  mag- 
Baatal-S,  water  90  5=100.  Found  with  phanuaoolite  at  Joaohinuthal.  Schranf  atateathat 
nMlsrila  ia  a  paendomorph  afbsi  wapplerite. 

HauiNE8iTK.~Honoolinio.  Color  anow-wUle.  Otnnpodtlon  HgiAaiOt+8aq.  From  tha 
Bauat. 

FiosoraAKiucoLiTR.— HoDOoUnlo.    Oai(lIgi)A*iO(-l-6Bq.    Bieoheladoif;  Tnibujt 


Monodinic.     C  -  75°  84',  I^I=  108"  2',  1 A 1  =  190°  ^\i'.b'.A^ 
•985792  :  1-33369  : 1 ;  v.  Rath.    Snrface  t-l  Bmooth,  otliera 
striated.     Cleavage :   vi,  highly  perfect ;  i-i  and  i-4  in  677 

traces.     Often  reniforin  and  globular.     Structure  diver-  ~ 

gent,  fibrous,  or  eartlij ;  also  incnisting. 

H.=l-5-3.  G.=2-68-2-68.  Lustre,  iA.  p«irlj  or  me- 
tallic pearly :  other  faces  vitreous.  Color  white  or  colore 
leai,  or  nearlj  so,  when  unaltered ;  often  blue  to  green, 
deopeuing  on  ezpoeure;  nsually  green  when  seen  per- 
pendicularly to  tlie  cleavage-fttce,  and  blue  transversely ; 
me  two  coiora  mingled,  producing  the  ordinary  dirty  bine 
color.  Streak  colorless  to  bluish-white,  soon  changing  to 
indigo-blue;  color  of  the  diy  powder  often  liver-brown. 
Transparent — translucent;  becoming  opaque  on  expo- 
lure^  Fracture  not  obiervable.  Thin  inmiuEe  flexible. 
Bectile. 

Oowp I    JaiPtOt-f  gagsFhcaphoraa  pentoiide  S8-8;  tmn  pntoadda  48*0,  water  2$^b100 
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Vyr-,  ato. — In  tlie  doeed  tnbe  jielda  neutral  mter,  whlteiw  ind  exfdIabM.  B.B,  foaM  at 
m,  oolodng  the  flame  blniBta-gteen,  to  a  graTuh-blaok  maguetio  globule.  With  the  flnzea 
Maata  for  inn.     Solnble  in  h^drochloiio  acid. 

JUS, — Diatingniahing  characteia :  deep-bine  oolor;  aoftneu;  idiibillty  in  add. 

Ob», — Oocnie  avooiated  with  pTirhofite  and  pyrite  in  oc^pei  and  tin  veina ;  In  beds  of 
dt^,  and  BOmetiines  aseodat«d  wiUi  li'nonile,  ot  bog  Iron  ore ;  often  in  uantiee  o(  focdl*  or 
bnried  bonen.  Ooours  at  Wheal  Falmonth.  and  elBenbere  ia  Cornwall;  in  Dovonsbire,  neal 
Taviatook ;  at  Bodenmais.  The  earth;  variety,  called  blue  iron  enrt/i  oi  natitie  PrvMnan  bbi4 
ooonie  in  Greenland,  Carinthia,  Cornwall,  etc.     At  Oraumi,  France. 

In  N.  America,  It  ooouxh  in  Nea  Jerney,  at  Allentown  ;  at  Franklin.  Also  in  D^wiK,  neat 
Viddletown;  near  Gape  HeDlopen.  In  Mnryiand,  in  the  north  part  of  Somereet  and  Woi- 
oeatei  Cot.     In  Virginia,  in  StaiFord  Co.     In  Ganc^^  with  limonite  at  Tandrenil,  abnndant. 

HjDiiAJirnt  {Fidd). — Monodinic,  H.=8i.  Q.=8'12.  Color  dear  green,  trom  pale  to 
daik.  Trsnapate&t,  brilliant.  Composition  3FeiP,0i+HiFe0i +  8aq=Pho«pbonu  pentoxide 
f8-88,  iron  protoiide  5306,  water  17-M=10a     ComwaU. 

EtBTTHBITZI.    Cobalt  Bloom.     Kobaltblathe,  Otm. 

Monoclinic  C  =  10°  54c' ,  I M  ~  llV  \&  t>A  U  =  146°  19';  l;h:d 
=  0-9747  :  1-3818  :  1.  Surfaces  i-i  and  l-»  vertically 
fltriated.  CieavHge :  i-\  higlilj  perfect,  i-i  and  1 »  indis- 
tinct Also  in  globulftr  and  reniform  shapes,  liaviiiji;  a 
drusj  surface  and  a  colnmnar  atnictnre ;  soineCimefl  stel- 
late.    Also  pnlveriilent  and  earthy,  incriisting. 

H.=l-5-35  ;  the  lowest  on  w.  G.=2-948.  Lustre 
of  i-t  pearly ;  other  faces  adamantine,  iDcIining  to  vitre- 
ous; also  dull  and  earthy.  Color  crimson  and  peach- 
red,  SLimetiines  pearl-  or  gi-eenish-giay ;  red  tints  incline 
to  blue,  perpendicular  to  cleavage-face.  Streak  a  little 
paler  Uian  the  color  ;  the  di-y  jxtwder  deep  lavender- 
blue.  Transparent — aiibtranslncent.  Fracture  not  ob- 
Sohneebeig.  servable.    Thin  laniinte  flexible  in  one  direction.    Sectile. 

Oomp.— Co.Aii,Oi+8a(]=Atsenio  pentoxide  B8'40,  oohalt  oxide  87-S6,  water  24  04;  Co 
often  partly  replaced  by  Fe,Ca,  or  "Si. 

Pf  r.,  etc—In  tbe  doeed  tube  yields  water  at  a  gentle  heat  and  tnma  blniah  ;  tX  a  blghei 
heat  gives  off  anenona  oxide,  which  oondeaeee  in  cryatala  on  the  cool  glaa,  and  the  resfdne 
bas  a  dark  gray  or  black  color.  B  B.  in  tho  forceps  tasea  at  S  to  a  gray  bead,  and  colon  the 
flame  ligbt  bine  (anenic).  B.B.  on  charooal  give*  an  arsenical  odor,  and  fnses  to  a  datk  gray 
•nenide,  which  witb  borax  gives  the  deep  bine  color  diaract«ristio  of  cobalt.  Solnk^  in 
hjdiodilorio  add,  giving  a  roec-red  solntion. 

Oba. — OccoTS  at  Sobneeberg  In  Saxony ;  at  Aaalf eld  in  Tfanrii^^a ;  Wolfaoh  and  Wlltlohen 
In  Baden;  Modum  in  Tforwoy;  at  Allemont  in  Daaphiny;  in  Ooniwall,  at  the  BoUtUadt 

Brythrite,  when  abondant ,  ia  valuable  for  the  manufacture  of  smalt.  Kamed  from  ifutpit, 
tad. 

BosEUTE.*— Tricliiiic(Scliraiif).  tJsnally  in  oompIaxtwinoryBtalB.  H.=3-6.  Q.=8-S85 
-S-7S8.  Color  roee-nd.  OompasitloaB>A8.0i-t-eaq(Dr8Bq),  witbB:=Ca,Hg,and  Co.  Ana- 
Ma,  Winkler,  Aa,0. 491)6.  CoO  13-4G,  CaO  23-72.  MgO  4-tf7,  H,0  9-6B  =  100'4S.  Fonnd  at 
Bdmeebeis,  Saxony ;  the  crystals  from  tbe  Danid  Uine  have  a  lighter  color  than  those  ot  the 
Bappdd  Uine,  tbe  latter  oout^ning  less  oobalt  and  mote  oaldnm. 

WOKLBIUTE.— Containa  ABiOi.Ca,eo,Fe,Co,Ni,Ca,H|0,CO„  etc      MixtnTe(TJ.      Fria, 
Spain. 
.  KOmoiTR. — ITear  erytbrlte,  but  contains  sino,     Schneebets. 

AsMABEHUiTE  (Nlokdhltlthe,  ffarm.).— M'i|Aa,0i4-Baq=ArBenia  pentoxide  88-6,  nickel 
axide  UT'2,  water  34-^=100.  Soft,  earthy.  Color  apple-green.  Allemont;  Annaberg ; 
Bieohdsdoif. 

HcREAULrTB.—A  hydrona  Iron-manganese  phoephate,  oocuring  in  oavitles  1) 
■t  Jilmoges,  France. 

Chokdsabbxi'ITK. — Tellow  grains  in  barite ;  ptobaUy  a  manganeae  aiaenal«L 


OTTQKK  OOlCrOIIHDB.— FH0fl?HATB8,   ABSXNATR8,  JRO. 


Orthorhombic.    JA/=9a''  20',  (?  M-t  =  148"  BO* ;  d  :  J    d  =  0-7811 
I'MIO :  1.      Crystals    iisuall;    octahedral    in    aspeot 
Cleavage:  diagoual,  i-i,  i-f,  vetj  iadistiDut.     Also  gfobu> 
lar  or  reniform,  and  compact 

H,=4.  G.=3-6-3-8.  Lustre  resinouB.  Color  olive- 
greeD,  generally  dark.  Streak  olive-green.  Ti'anslucent. 
to  snbtransluceut.  Fracture  subconehoidal — oneven. 
Brittle. 


A^ 


Oomp^ — Ca.PiO.+ui,  oi  Ca.FiOg-l-E,ODO.  (RamnL)=:PhMphi>nu 
pantozide  29*7.  copper  oxide  66 '6,  nBter3'8=100. 

Pyr.,  Bto.~-In  the  oloaed  tube  pelds  water  And  tnmi  blaok.  B.B. 
futtM  at  3  And  oolon  the  flkme  emeiald- green.  On  ohucoal  witli  «odk 
glTM  metaUio  copper,  somatimea  also  an  aiseniciil  odoi.  FoMd  witll 
metkllio  lead  on  diarcoal  is  reduced  to  metallio  copper,  with  the  foima- 
tdon  of  lead  pbotphate,  wbldi  treated  In  E.P.  givea  a  uryitalline  polyhedral  bead  on  oooUn 
With  the  Qnzea  reaota  for  oopper.     Soluble  in  nitrio  add. 

Oba. — Ooonra  at  Libethen,  in  Hungary :  at  Rheinbraitenbaoh  and  Ehl  on  the  Rhine ; 
HiMhne  Tagilak  in  the  Urn] ;  la  BoUvia ;  Cliili. 

OUTEtllTB. 

Orthorhombic.      /A  /=  92"  80',    (9  A  1-i  =  144°  14' ;   <} :  2  :  d  =  O-TS 
1*0446  :  1.    Cleavage:  /  and  14  in  traces.    Sometimes  aci- 
oolar.     Also  globular  and   reuiform,   indistinctly  fibi-otis,  S80 

fibres    straight   and   divergent,   rarely  promiecuous;    also 
curved  lamellar  and  granular. 

H.^3.  G,  =  41-4-4.  Lustre  adamantine — vitreous:  of 
some  fibrous  varieties  pearly.  Color  various  shades  of  olive- 
green,  passing  into  leek-,  siskin-,  pistachio-,  and  blackish- 
green  ;  also  liver-  and  wood-brown ;  sometimes  straw-yellow 
and  grayish- white.  Streak  olive-green — brown.  Subtrans- 
parent — opaque.  Fracture,  when  observable,  conchoidal — 
uneven.    Brittle. 

OoDip,— C(iiAii0>-t-aq=0niA«,0i-(-EiCaO,  (Ramn].)=Aiwnio  peutozide  40-06,  ooppet 
oxide  SeiS,  water  8-19=100. 

P^.,  etc. — In  the  closed  tnbe  givet  wat«r.  B.B.  fnseaat  3,  coloriiiKtheflameblaiBh-greeii, 
and  on  cooling  the  (need  mam  appeora  crTstallina,  B  B.  on  charooal  foses  with  deflagration, 
gives  off  aisenioal  fumeH.  and  Tields  a  metallic  arsenide  which,  with  soda  yialda  a  globola  td 
oopper.     With  the  flnxea  react*  for  copper.     Salable  in  nitrio  add. 

Oba.— The  crfstollixed  vorietieB  oocar  in  manr  of  the  Cornwall  minea;  near  Taviitoolc  in 
Devonahire ;  also  at  Alston  Hoor  In  Cambeiland  ;  at  Camsdorl  and  Saalfeld  in  Thnringia ;  tha 
T7T0I;  tho    Banat;  Siberia;  Cbili;  and  other  places. 

Adamite — Zn.AsiO.  +  H.ZnO.— Araenic  pentoxide  402,  lino oxide 56-7,  water 81  =  100. 
Color  yellow.     Chanaroillo,  Chili  ■  Cup  Garonne. 

TAOtLrTK— Cn,P,0,  +  8ttq  (t^Cn,P,Oi  +  H,CnO,-f  Saq).  Color  emer«ld-([reen.  Ninbas. 
Togilik.  IsoOLABiTB.  Ca,P,0■-^Gaq(=Ca|PlO|  +  H|CaOl-l-Jaq).  Colorleaa to iiaow-nbit«. 
Joaohimsthal. 

BuCHBorra,— Cn,AaiO,-t-H,CnO,+flaq  (Eanim.)=Araeiiio  pentoiido  841,  copper  oxid« 
47^,  TTater  !8-7=10O.     Color  emerald-gieeo.     Libethen,  Hungary. 

Cai:OllOTll,E. — CniAsiO.+Saq.  In capilkiy  oryBtala.  Also  abrous:  maadve.  C>oloTappl»- 
green.     In  qnartz  at  Sohneeberg  and  Zinnwnld  ;  Thuringia;  Chili  (Preatet). 

TbUbltitk  (ifeArnu/).— a  hydrona  copper  phoBphate  ;  compoeition  4CniPiOi-i-Sait  Tri- 
dinio.     Oocnra  in  QTatailine  oiaaU  on  a  gimat-rook  ak  Uorawicaa  in  tha  Banat. 


msouiravie  iiinbbaloot. 


UBOOONTTB.    LlMni«n,  OarM. 

Monoclinic.  IM—W  21',  DesCI.  <7=88°  33'.  Cleavage  latenU, 
but  obtained  with  difiicnity.     Itarclv  granular. 

H. =2-2-5.  G.=3'83-2-98.  Lustre  vitreons,  iitcliiiing  to  reeinona. 
Color  and  streak  sky-blue — verdigria-grcen.  Fracture  imperfectly  <on- 
choidal^  uneven.     Imperfectly  BeutRe. 

Oonqi.— Fonnnla  Gat(Al)  As,[F,)Oi-trHt(Cui,Al}Ot  -l-Saq,  with  Cu.  :  *\=i  :  2,  ud  A*  : 
P=l  :  4.  Thia  reqaiiea  anenio  pantoxide  23 '1,  ptioaphonu  penlozlde  3  ii,  copper  oxide  85 't, 
•Imnlaa  10-8,  wstet  871  =  100. 

Pyr.,  etc. — In  the  olooed  tube  %is«»  mach  water  and  tnma  olive-greea.  B.B.  ciscke  op«D, 
bat  doei  not  decrapitate  ;  f dbbi  len  leadil j  than  olivenite  to  a  duik  gra;  nlag ;  on  oharoaal 
oracka  open,  deflsgnteo,  and  giTea  reactions  like  oUvenite.     Soluble  in  nittic  add. 

Obs. — With  variouB  ores  o(  copper,  pjrite,  and  quottz.  at  Wheal  Qorlaod,  Wheal  Mnttrell, 
eto.,  in  ComwaU ;  also  in  mjaato  orystala  at  Herreugnind  in  Hungorf  ;  and  in  Voigtland. 

PflKUSOlfALACHlTE  PAti«pA«AiiJi«.  — Cu,P,0],+3aq  =  CuiP,0,+aH,CuO,  =  P.O.  211. 
CuO  70-9,  H.0  8-0=100.  Triolinic  (Schrauf).  G.=4B4.  Color  emereld-green.  Related 
•ab-ipecies:  Ehlitu  (/Vnn'if),  CniPvO,-t-2H.CuO,  +  aq  (lUmiii.)i  DmyDKiTE,  CuiP,0,-i- 
SHiCoOi.     Ehl,  near  Liui.  on  Che  Rhine  ;  LibetheiL,  Hungai? ;  Nischne  Tagilsk ;  Cornwall. 

Erihitx. — OniAaiOi-f  SHtCuO,.  In  iDamiDllliit«d  crjislalline  groupa.  Color  ereen.  Com- 
waU. 

C!OKH'ffALLtTB.— CaiAB,0i(-(-8aq(=CniAB,0r^&HtCa0i-HBq).  Amorphoni.  Cdoigreeti. 
ComwaU  {Church). 


Fbittacinitb. — Ooonra  in  thin  ot7pt*"'"y*'^'l''i*'<*6toi(ta,  aometimoa  hartng-  a  bntxyoldal 
structure;  al«o  pnlTemleat.  Color  n^in  green  to  olive-green.  FonnuU.  2BiTtOi-l-8H|CnO* 
-l-Saq,  withB=Pb:Ca=8  :  1.  Thia  requires :  VanaSmm  pentoxide  19  33,  lead  oxide  63-lS. 
dapper  oxide  18'9a,  water  6'98=100.  Fonnd  at  the  ^Id  minea  in  Silver  Stai  DiBtrict,  lIoa> 
tana  (Genth.  Am.  J.  Sci.,  Ill,  lit,  M,  1871). 

MoTTBAlllTB,~- Occurs  as  a  thin  crystalline  incrustation,  which  is  sometimes  velvety,  oon- 
nsting  of  minute  crystals  ;  more  generally.' compact  H,=3,  0.=a-894.  Color  black  by 
reflected  light,  in  thin  p^iiticles  yellowish,  tjsn.'iliicent  (crystals) ;  parplisb-brown,  opaque, 
(compact).  Formula  (Pb,Cu)iV,Oi  +  2H,(Pb,CulO,.  which  lequirea  vanadium  pentose  18'74. 
wppw  oxide  20ira,  lead  oxide  G7-I8,  water  ^'68=100.  Belated  to  dihydidte  and  aiinitOL 
Found  in  Keuper  xandstonc  at  Alderley  Edge  and  Mottram  St.  Andrew's,  in  CheBhire, 
Eni^land  (Roscoe,  Proc.  Roy.  Soc..  zxv.,  III.,  187U). 

TOLBORTHITB.— EiT,0.  +  aq,  with  B=Ca  :  Cu  =  2  :  3  (or  8  :  7),  Banun.  From  thr  Crak 
Caik-Tolborthit  (ff«rnt.),  Friediiuharode,  contains  oalcinm. 


OUNOCUiASITII.    Strahlen,  Germ, 

Monoclinic.     6'=  80°  Zffs  lA/, 'front,  =  50°,     Cleavage:  basal,  highly 
pei-fect.      4^i8o  massive,  lieniispheiical,  or  reniforin ; 
681  Btructure\ad'ated  fibrous. 

H.  =  25f3.  ti.=4-19-4-36.  Lustre:  O  pearly; 
elsewhere  yitreouB  to  resinons.  Color  intcriialfy  dark 
verdigrie-grecii- externally  blackiflh-bliie green.  Streak 
bhuBli-gi-epn.     Subtranelncent.     Not  very  brittle. 

ip.- 
ox^e  S2'7, 

oonra  in  C 
mineiL     Abo  found  in  the  En^ebirge 

TvROLiTB  <Kupferschanm)._A  hydroos  arsenate  of  copper  (Ctt. 
ASiOit-H'iaq).  containing  also  c:ilcium  carbonate  (aa  an  impnrilj  f  ) 


Color  pale  ^tple-green.     libethen.  Hangary ;  SchneabeiB,  etc. 


.Ol.^H 


OZTOBH  OOHPOUNIW. — PBOSTHATES,  ARSENATES,  BTO.  Z7tf 

OBiLOOPHrLi.rrB(Ooi^>ermio«;  Knpfaigllmmer,  Ocrm.).— Cn.AB|Oi-f5E,OaOi+7HtO= 
Aiaenlo  pantoiidL'  31-8,  copper  oxide  587,  water  80 -0=100.  Copper  iniiieB  ot  CornmH, 
Siuigu7 ;  Uoldawa. 


V-LAZUUTE.    BUnipatb,  Oenn. 

Monoclinic.  <7=  8S°  15',  /Ai=91''30',  (? -M4  =  139' 45',  Prftfer; 
d  :  J  :  d  =  0-86904  : 1-0260  : 1.  Twins:  twinmug-planei-i:;  also  a  Cleav* 
age:  lateral,  indlBtinut.     Also  maseive. 


H.=5-6.  G.=3-057,  Color  aziireblne ;  com- 
monly a  fine  deep  blue  _  ^  '■>  and  a  pale  greeni^-blao 
alonsf  another.  Streak  white."  Siibtraasluueiit — opaque.  Fracture  uneven. 
Brittle. 

Oomp.— BA:IPiO.+>q^^tP,0.+E,(IIg,Fe)Oi  (DBna)=PliOBpliomB  peutoxida  46^,  aln- 
mbut  34-0,  mugneEialS'S,  watec  6-0=100.  ^  p 

F3rT.,  etc.^In  the  cloaed  tube  whiten*  tmd  fUMf  water.  B,  B,  with  cobalt  solatitm  tbo 
blue  color  of  the  minersl  is  reRtoted.  In  tbe  forcepa  whitens,  cracks  open.  bwcIIb  np,  and 
witbont  f  usioD  falla  to  pincee,  colorings  the  fl^me  bluish- greei).  The  green  color  in  made  mote 
Intense  bj  moistening  the  oaeay  with  solpbu^c  acid.  With  the  Huxea  gives  an  iron  glaoa; 
with  soda  on  charooal  an  infnsible  mass.     Uomitcd  upon  bj  acids,  retaining  perfectly  itf>  blae 

mB. — ChoracteriEed  bj  its  fine  blue  color;  bin?  flame  B.B. 

Obi. — Ocean  Qpar  Werfen  in  Salibais;  in  Gratz,  neorToraa;  in  Krieglach,  in  StyrU;  al 
Hoohth&lijfTat,  at  the  Qomer  glacier,  in  Switzerloud  ;  in  'Horrajdberg,  Werinliuid  ;  Westaca, 
Bwedea ;  also  at  Tijuoo  in  Minaa  Qeraen.  BraziL  Aboodant  at  Groi^er'a  ML,  Unooln  Co., 
N.  0.)  and  on  Orave*  ML,  Lincoln  Co.,  Oa,,  60  m.  above  Augusta. 

socntodtiL  "' 

Ortborhombic.     Ia1=98°  2',  Oai4*132''  20';  i  :  I :  d  =  1-0977 . 
1-1511  :  1,  Miller.    Cleava^ :  ^3  itiiperfe^t,  i-i  and  i-l  in 
traces. 

II.=8-S-4.  G.=3'l-8-3.  Lustre  vitreous — snbadaman- 
tine  and  Bubresinous.  Color  pale  leek-green  or  liver-bi-own. 
Streak  white.  Subtransparent — translucent.  Fracture 
'jneveu. 

Oonp. — FeABiOi-f-4aq=Anenia  pentoxide  49'8,  iron  aesgniozlde 
H-e,  water  16-6  =  100. 

Pyr.,  etc — In  the  closed  tabe  yielda  neutral  water  and  tuna  yellow, 
B.B  fuses  easily,  coloring  the  flame  blue.  B.B,  on  charcoal  give* 
Mveulcal  fumes,  and  with  soda  a  black  magnetic  scoria.  With  the  flnxM 
teaota  tot  iron.    Soluble  in  hjdrcchlotio  aoid. 
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Ob*. — IToaQd  ftt  Sohwarzenbergf  in  SftX0D]r ;  atNartaohiiuk,  8ib«riB:  Dmnbaob  in  NMMa ; 
in  tiie  Oonuah  minM ;  at  the  Umu  Oonsa,  iii  BruH;  in  Pop^au;  uUieKOldmlnwaf  Ti» 
loria  iu  Am  Inlia.  Oocqib  in  micnte  mystalB  and  drnoea,  near  Edenrilla,  IT.  T.;  in  Oabum 
Co.,  K.  C. 

Orthorhombie.    I A  /=  1^6°  25',  (?  A  1-i  =  143°  23' ;  ^ :  X  :  <J  =  0-7431 

:  1-4943  :  1.     Cleavage :  I  retlier  perfect ;  also  brachydia- 

*^  Kotiftl.     Usually  in  hemispherical  or  globular  concretion^ 

,- y,      having  a  radiated  structure. 

-H.=3-25-4.  0.= 2-316-2-337.  Lustre  vitreous,  inclin- 
ing to  pearly  and  resinons.  Color  white,  paeeing  into  yel- 
low, green,  gray,  bixiwn,  and  black.  Streak  white.  Trano- 
lucent 

Oomp^AliP.O,  .,12aq=3AlP,0.  +  H.AlOi +Daq=Pboephonu  pentoz- 

ideS5-18,aluiniiia^'10,  watei24-T4=100;  ItoSp.  a.  fluorine   is  ofton 

\    •  "        \  /       pre«oiiti,  replaoing- the  oiygen. 

Pyr.,  eto. — la  the  oloeed  tube  givea  oS  maob  water,  the  last  portion* 
□f  which  react  add  and  ooloi  Brazil-wood  paper  yellow  (flnorine),  and 
alio  etch  the  titbe.  B  B,  in  the  forceps  swella  up  and  splitH  frequeatly  into  fine  acicolu 
particleB,  which  are  infusible,  but  color  the  flame  pale  green ;  moistened  with  sulphnrio  acid 
the  green  become!  more  intenRS.  Qirea  a  bias  with  cobalt  aolntion.  Some  varietiea  reaot 
for  iron  and  maoganeae  with  the  flnxea.  Heated  with  Eulpborio  acid  gjvei  off  fumes  of  flao- 
hjdrio  Boid,  which  etch  glass.     Soluble  in  hydrochloric  acid,  and  also  in  caustic  potash. 

Diff. — DlatingQisbed  from  the  zeolites  and  from  gibbaite  by  its  giving  a  phosphorus  refto- 
tion;  it  disaolTes  in  aoid  miChimt  gelntinization. 

Obt. — Found  near  Bamat^le,  Devonjhite ;  at  Clonmel  and  Cork,  Ireland;  in  the  Shiant 
Isles  of  Scotland ;  at  Zbirow  in  Bohemia;  Zajecovin  Bohemia^  atFrankenbergandLangen- 
atriegJB,  Saxony  ;  Diensberg,  near  Gieaxon,  Hease  Darmstadt ;  in  a  manganese  mine  in  Wein- 
booh,  near  Weilbutg,  in  Nasaan  ;  at  Villa  Rica,  Minas  Geraes,  Brazil  In  the  Uiiited  St&tea, 
at  the  slate  quarries  of  York  Co.,  Pel;  at  Washington  mine,  Davidson  Co.,  N.  C;  at  Whjta 
Horse  Station,  Cheater  Co. ,  Fa  ;  Hagnet  Cove,  Ark. 

ZEruAOOViCHiTE. — Near iraTellit«.  GompoBiCionAlP]0i+6aq(or{!aq,Bamiii,).  Compact. 
Color  greenish  to  grayish .     Ocuurs  in  sandstone  at  Trenic,  Bohemia. 

CaCRDLEOLACTiTB. — Crypto-orystalUne.  Color  milk-white  to  light  bine.  Compoutaon 
(Peteraen)  iUiP,0,i-HlOaq.  Katzenellnbogen.  Nassau.  Also  Ohwter  Co.,  Penn.  iQaath, 
who  regioda  the  ly^pei,  4  p.  o.,  as  belonging  to  the  mineraL) 


FHARMAOOSIDBRITB.    Verfeletx,  Oatn. 

Ifiometric ;  tcti-ahedral.  Crystals  modified  cubes  and  tetmhedronB. 
Cleavage:  cubic,  imperfect.  0  sometimes  striated  parallel  to  its  edge  of 
intersection  witli  plane  1 ;  planes  often  curved.     Rarely  granular. 

H.=2-5.  G,=2-9-3.  Lustre  adamantine  to  greasy,  not  very  distinct 
Color  olive-green,  passing  into  yellowish-brown,  borderiug  sometimes  upon 
hyaeiutli-red  and  blackish -brown ;  aho  passing  into  grass-green,  emerald- 
green,  and  honey-yellow.  Streak  green — brown,  yellow,  pale.  Subtraue- 
parent — eubtransluuent,     Eather  eectile.     Pyruelectric. 

Otanp.— Fe,AaaOi7,lSaq=3t^As,Og-|-H|FeOi  +  12H,0=Aiaenia  pentozide  4313,  Iron 
Maqniozide  40-00,  water  16-87=100. 

I^T.,  etc. — Same  as  for  scorodite. 

Obs. — Formerly  obtained  at  the  mines  of  Wh«al  Oorland,  Wheal  Unity,  and  Carhatra^ 
tnCoimrall;  now  fonnd  at  Burdle  Gill  in  Cumberland;  in  minute  tetiahedral  crystals  a) 
WhealJane;  also  in  Anstialia ;  at  Sb  Leouatd  in  Ttauoe  and  at  SsaneeberKandSofawar. 
iMbnig  in  Sazoiv- 


H.Uy 


H^ 


OXTGBS  OOICFODinW. — ra08FBA.TB8,  A£8EHATB8,  Kra 
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KamAd  from  ^ifiiaito*,  paiion  (In  4dliinon  to  the  uaenlo  praMnt),  and  r()qp«i,  Avn.  Wtifit- 
tn,  of  the  OamiaiiB,  meuia  9uii-or«. 

BBAaiTB  (IFtuiiioA).— CompooitioQ  BiitA><Oit4-8ui=2BUsO.+SH>BiOi=lneiiio  pent- 
ozidB  15*6,  bisiontti  oiida  T8'9,  watei  $'6=100.  Bphetio*!  crfrtiJUiie  agKregatea.  Oolol 
brvht  gnen.     Sobueeberg,  BAiony. 

pLUXBoaiTioiiTit. — Composition  nmoert^ii.  Oontaiiu  eoentiaUj  alnmiiu,  lead,  water, 
and  phoaphonu  pentozida.    Hnelgoel ;  Cmnberland ;  Miue  la  Hotte,  Mo. 


Orthorhorabic.  1M=  \\V  54',  O  A  1-i  =  186'  26' ;  <! :  i  :  d  =  0-9513 
1-4798  : 1.  Plane  0  sometimes  wanting,  and  the  form  a  double  eiz- 
Bided  pyramid,  made  ap  of  the  planes  1,  ^1,  with  i-i  small.  Cleavage :  i^ 
imperfect. 


H,=4-5-6.  G.=3'18-3-24.  Lastre  vitreous,  incUuiug  to  reBJuoae. 
Color  yellowish -white  and  pale  yellowish-bi-own,  also  bmwnisb-black. 
Streak  white,  yellowish.    Translucent.     Fracture  uneven. 

Oomp FoTmala  ioroewbat  uuoertam.     ktaljaa:  BanuneUbe^,  PgOiS8'&3,  A10|14'44, 

FbO  30-68,  MnO  flW,  MgO  014,  H,0  10-8B=100-S3. 

Fyr.,  etc. — In  the  dosed  tube  giveB  oS  naatml  water.  B.B.  swells  up  Into  lamificstionai 
and  foaea  on  the  edges  to  a  block  mam.  ooloring  the  flame  pate  gieeo.  Heated  on  charooal 
turns  block  and  becomes  magnetic.  With  soda  gives  a  reaction  for  manganese.  With  botaz 
and  salt  of  phospbonu  leaots  for  iron  and  manganeae.     Solable  in  hTdroohtorio  aoid. 

Oba.— Oocnn  near  Tavistock ;  also  at  Wheal  Ctebor,  in  DeTonshiie ;  on  slate  at  Orbiala 
mine  in  OomwalL    Hebron,  Me.  (f.  688.). 


y.    TOBQnOIS.    Callalte.    Eallait,  Ealait,  Otn». 

Reniform,  stalactitic  or  incmsting.     Cleavage  none. 

H.=:6.  G. =2-6-2-83.  Lustre  somewhat  waxy,  feeble.  Color  sky-blue, 
bluish-green  to  apple-green.  Streak  white  or  greenish.  Feebly  subtraiis- 
In cent— -opaque.     Fracture  small  uonchoidal. 

Oomp.— Hydrous  alnminntn  phosphate,  perhaps  AlgPiOu-f-fiaq^PboapIionu  pentoxtde 
SS-a.  alumina  48-9,  water  30-9  =  100 

Pyr.,  eto In  the  closed  tube  deorepitates,  Tields  water,  and  tains  brown  or  black.    B.B, 

in  the  forceps  beoomes  brown  and  aaanmea  a  glassy  appearance,  but  does  not  fuse;  ooloia 
the  flame  green ;  moistened  with  hydrochlorio  add  the  oolor  is  at  first  blue  (oopper  chloride). 
With  the  sodium  tetit  gives  phosphnietted  hydrogen.  With  borax  and  salt  of  pbospboms  givee 
beads  in  O.  F.  which  aie  yellowish  green  while  hot,  and  pure  green  on  cooling.  With  salt  of 
phoaphoruB  and  tin  on  charcoal  gives  an  opaque  red  bead  (copper).  Solable  in  hydroohlorio 
add. 

Oba Ocean  In   cloy  slate  in  a  mountainous  distriot  in  Parda,  not  far  from  Klohaboni; 

Aocordii^  to  AgophI,  the  only  naturalist  who  has  visited  tlie  locality,  turquois  odcuib  only  in 
itioM,  whidi  trarerse  the  moautaiu  in  ^  direotioaB.      An  Impora  variety  ia  found  in  ffitMlai 
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and  »t  Oelmlb  in  Sazonjr.  W.  P.  Biftke  tefen  here  to  a  haird  yellocieh-  to  blnuh-^rera  •Unl 
(vhioh  he  Identifiaa  with  the  ehaUhihiaa  o(  the  MatioanM)  tzoia  the  moantains  Lou  Cerillaa, 
20  m.  3.  E.  of  Santa  Ffi.     A  pula  ^een  tunjuois  occuia  In  the  Columbun  district,  Nevada. 

TncqaoU  reoeivee  a  good  polisli,  and  is  highly  ssteemed  as  a  gem.  The  Persian  king  is 
■aid  to  retain  foi  hin  own  naa  all  the  lai^r  and  haelj  tinted  epecimens. 

PBOABITK,— Gompositioa  AljP,Oi,+6aq  =  Ph08iAora9  pentoiide  811,  alomin*  81'1, 
water  23-7  =  100.     Striegis,  Saxonj. 

DOFBBNITS.— Compoution  Fe,P,On  +  Saq  (FeP,Oi,+HiFeOt)  =  FhoFphoniB  pentoxlda 
S7-S,  iioD  aesquioxide  62'U,  water  10-5=100.  AugUr,  Dept.  of  Hante  Vieune ;  HiiBchberg, 
Westphalia ;  Allantown,  S.  J.     Indepodtaof  nodoles  I  to  (t  in.  thick,  in  Bockbndgs  Co.,  Ta 

Abdrxwsits. — In  globular  forms,  bavins  a  radiated  stractnre.  H.=4.  0.=SVn. 
Color  dark  green.  AnaljsU,  Plight,  F,0,26-W,  t'eOi  44 -64,  AID,  0-92,  CnO  10-86,  FeO  7-11, 
HnO  0-60,  GoO  009,  SiO,  040,  H,0  8-7S=99-S9.  In  a  tin  lode,  West  Fhenlz  mine,  near 
Iiiakeard,  Cornwall, 

Ghalcobiderite. — In  bright  green  oiTBtalii  (tricUnio)  on  Andrewsito  (we  abore).     H.= 
4-5.     Q,=3-108.     -AnaljaiB,  Flight,  P.Oj  29-93,  Ab,0.  0-61,  FeO,  42  81.  AlO,  4-4.'i.  CuO  8-14,    ■ 
H:0  15-00.  UCtc.  =  100-94.     Also  as  a  coating  on  dufrenite.     Cornwall.     Bayn,  WestphalU. 

Henwooditk.— In  globnlar  forms,  with  a  radiated  strneture.  H.  =  4-4-5.  Q.  =  3'67, 
Color  tnrquois-blne  to  bluish -green.  B.B.  infusible.  Analj'BiB.  PiO.  4H-94,  AIO,  Itt-M. 
JW),  2-74,  CnO  7  10.  CaO  0-04,  H,0  1710,  SiO,  1-37,  loss  8-07  =  100.  Occurs  on  limonilo  at 
Um  We«t  Pheniz  mine,  ComwaU  {CoOini,  Min.  Msg.,  1,  p.  11). 

Oacoxbhitb.— Sappoaed  to  be  an  iron  warellite.  CompoaIt]<m  Fe,F,0n  +  lSaq.  Izir»- 
dlated  tufts.     Color  j-ellow.     Hrbeck  minn,  Bnbnmio. 

AsSENIoeiDBKtTK.  — Analfsla  bj'  Church,  Aa,0,  Iig'86,  FeO,  SSTS,  CaO  1S-G8,  UgOO'18 
K.0  0-47,  H..0  7-87=89  66.  Formula  (Bamm.J  SGa^As,0,+PeAB,0.-t-»H.FeO..  B»- 
man^che. 

Atelkiciitb.— Essentially  a  bismuth  Eirun&te.      In  minute  yellow  azjttaia  at  Sohneeberg. 


TOBBERNI^.    ObalooUte.    Eupfer-Uianit,  0trm, 

Tetragonal.  ^ A  1-t  =  134° 8';  c~  1-03069.  Forma sqiiare tables, with 
often  replaced  edges ;  rarely  siiboctahedral.  Cleav- 
age :  basal  liighly  perfect,  mieaeeoua.  tTuknown 
massive  or  earthy. 

H.=2-2-6.     G.=3-4r-8-6.     Liistreof  Opearly,o£ 
other  facea  Biibadamaiitme.      Color  emerald-  and 

fraas-green,  and  aometiiuea  leek-,  apple-,  and  aia- 
in^reeii.     Streak  aoinewhat  paler  than  the  color, 
Tranepareiit— eubtranslueent.      Fracture    not    ob- 
servable.    Sectile.     Laminot  brittle  and  not  flexible.     Optically   uniaxial; 
double  refraction  negative. 

Oomp.-~Q.  ratJo  for  B  :  U  :  P  :  0=1  i  6  :  5  :  8;  formula  CDU,P,0,i-l-8aq=2(UO,),P,Oi 
-|-CiiiPv0i+24aq.  The  formola  requires:  Fhoephotua  pentoxide  16'1,  uranium  tncstde 
ei-2,  coppvroKide  8'4,  water  15  3=100. 

Pyr.,  etc. — In  the  cdoaed  tube  jielda  water.  In  the  forceps  fusee  at  2 '5  to  a  Uackisb  maas, 
(nd  oolors  the  flame  green.  With  salt  of  phosphorus  gives  a  green  bead,  which  with  tin  on 
oharcoal  becomes  on  cooling  opaque  red  (rapper).  With  soda  on  ohatcoal  gives  a  {^obule  of 
oopper.     ASorda  «  phq^hida  with  thn  Hodiam  test     Soluble  in  nitric  add. 

Obi. — Qnnnis  I^e,  Tincroft  and  Wheal  Bullei,  near  Bediuth,  and  elsewhere  in  ComwaB. 
Found  also  at  Johanngeorgenstadt,  Bibeustock,  and  Schneeberg,  la  Saxony ;  in  Bobamia,  M 
Joaohitnsthal  and  Zinnwald;  In  Belgium,  at  Vielsalm. 

Both  this  ipeciea  and  the  antnnite  have  gone  under  Qke  oomin<»  name  of  tiranUty  Qm 
leaner  aiaa  aa  Coppw-ttrantte,  the  latter  Lim^-uraniU. 
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AUTUMITU.*  Unnit;  K«Uc-Vraiif;llmmei,  Ealk-Unnit,  0«rm, 

Orthorhorabic ;  but  form  very  nearly  BoiiEire,  and  crystals  reeembling 
closely  thoee  of  torbeniite.     Cleava^:  batal  eminent,  as  in  torbemite. 

H.=3-2-5.  G.=3-06-3'19.  Lustre  of  0  pearly;  eleewhere  snbadainan- 
tine.  Color  oitroii-  to  snlphur-yellow.  Streak  yellowish.  Trausluoeiit. 
Optically  biaxial,  DesCI. 

Ootnp,— Q.  ratio  for  B  :  U  :  P  :  H=l  :  6  r  fi  i  10.  ForronU  GaU.P.On  +  lOoq,  irhioh  m»7 
iMWtitteD  3(UOi)iPiOi+CaiF,Oi+80«q.'  The  f oimnlii leqairet ;  Fhosplionupeiitoxida  14'Q, 
araniiun  trioxida  (UO.)  00-4,  llms  9-9,  wat«r  18'8=100. 

Pyr^  ate. — Same  as  for  torbemite,  but  no  teaotion  for  copper. 

Obi.— OocttlB  st  Johftnogeorgeiutadt ;  at  Lake  Oa^o,  Wolf  IiLand,  Biiaaia;  near  Limoj^; 
near  Aatan  ;  farraeily  at  Boatb  Basset,  Wheal  Edtrarda,  aixl  near  Ht.  Day,  England.  Occun 
iparii^ly  at  Hiddletovn,  Ct. ;  also  in  mlnuM  OTTStols  at  Cbestetfield,  Uaaa. ;  at  Aaworth, 
N.  H. 

TRnoEHiTR.— Oompoutdon  U|Ai,O,i-<-12aq=(TJ0i)iABt0i  +  13aq.  This leqniiee :  Anenic 
pentoiide  IT-d,  nraaiam  trioxida  6is-9,  water  IS '5  =  100.  Monoolinlo.  In  tblu  tabolai  erfs- 
tals  of  a  iemoa-yellow  color.     SohneebarK,  Saxony. 

Waij-Oroitk,— Composition Bii.UiAs.O,.  +  12aq=(UO0iAs,O.+2BiAeO,+8H,BiO..  Thi» 
roqniiea:  Anenia  pentoiide  11-9,  bismuth  oxide  BOO,  nrudam  tiioxide&S'l,  wat«r5'T=]0Q. 
Honodinia    In  thin  eoaly  orystalt.     Color  wax-yellov.     Sahneeberg,  Saxony. 

UKAJtoapmiTK. — An  arsenic  aataoit«.  Compoaition  C*ITiABiOii4-8aq=2(UOi)iAflgO,+ 
CatAa]Oi+2teq=Arsenio  pantoxide  li3'9,  uranium  trioxide  S7-3,  lima  B-6,  wa(«r  U'3=lO0. 
Oulorgrraen.  Sohneebecg,  Saxony.  nRANoaPHiUtiTK.  Ooloi yellow.  Analysia,  Winkler: 
0  O,  50-89,  Bi,0,  44'S4,  H,0  4-T6.     Bdmeeberg. 

ZBUNERiTK—Acoording:  to  Winkler,  an  aisenio  chalcolite,  with  which  it  Is  isomorphouB. 
CompociUon  Gun,Aj,O,,+8aq=2(no,)iAB,0,+CntAsiOa+34iwi=AiwiniD  pentoxide  22-3, 
anuium  trioiide  60  0,  copper  coide  77,  water  14'0=1D0.  Color  brig-ht  green.  Sohneebeig^ 
£iiiawald,  Baxony ;  Oomwall. 

AsiOt,  FM)i,  80>,  H,0.    Du- 


HyDBOOB     AK-rOfOlTATEa. 

BntDKEiitrrK  (Bleinl&re). — Amorphooa,  reniform,  or  spheroidal ;  also  earthy  or  InonutiDE. 
B.=4  Q.  =4-6(t4-76.  Color  white,  gray,  brownish,  yellowiih.  Compodtion  uncertain; 
•nalysls  by  Hermann:  Bb,0,  81-71,  Fb0  61-SS,  H,0  8  46=100.  Besults  from  the  decompo- 
Aion  of  other  antimonlol  ores.  From  Nertaohloek  in  Siberia ;  Horhausen ;  near  Endcllioii 
in  Cornwall,  witb  jameaonite,  from  whioh  it  is  derived. 


NlTKATlB. 

The  nitrates  are  all  soluble,  and  benoe  are  rarely  met  with  in  Datnr&     They  ir/ lode: 
HiTHK.  potaasiuiu  nitrate  (E!fOi).     Fouud  generally  in  omsta  on  Ibeiurfaoe  of  tbesoil, 
walla,  roclu,  etc.     Also  found  in  numerous  civTes  in  the  liKBaisaippi  Valley. 
Soda  Nitre,  sodium  nitcute  (NaNOi).     Taxapoca,  Cliiii. 
HiTBOOAIiCiTE.  caldum  nitrate  (.OaNiOi).     Oooon  in  silky  effloreaoenoes  in 

NiTROUAaifBairB.    ma^esiom   nitrate    (W.^7I,0t).      From    limastone    oaTes.      Nr 
SLAUBttBiTE,  nitro'Niilplurte  of  lodiiun.    Desert  of  Ataoama,  OUU,  v  itii  iviv 


nifinBii'rivit  mNSHALooT* 


L  BORATES. 


SASBOLTTB. 


Tridinic  yA7'==  118"  30',  OA/=ft5°3',  OaF  =  80"  a.V,b  AM. 
TmuG:  compoeitiou-face  O.  01eaviu|;e:  basal  very  perfect  Ubtudly  in 
Bioall  scales,  apparently  siz-Bided  tablee,  and  also  in  stalactiti-i  formB,  com- 
posed  of  small  scales. 

H.=l.  G.=l*48.  Lustre  pearly.  Color  white,  except  when  tinged 
yellow  by  snlphur;  sometimes  gray.  Feel  smooth  and  unctuous.  Taste 
acidulous,  and  slightly  saline  and  bitter. 


OoDipr~-H,BiO.=Borou  triozide  (B,00  06'48.  water  48-61=100.     The  ootiTe 
B»lt  oantaitiB,  meohanioallj  mixed,  T&iiooa  impimtica,  as  mlphale  of  magfauMnm  and  iron, 
mlphate  of  obIoIdiii,  lilica,  etc 

Pyr.,  eto. — la  the  olo«ed  tabe  gives  water.  B.B.  onpUtmnm  wire  fnmi  to  ftcIeaiflaM 
mnd  tinges  the  Home  yellowish -greeiL     Solable  in  water  and  aloohoL 

Obs. — Fiiet  detected  in  nstnre  b;  Hofer  in  the  waters  ol  the  Tnacan  lagCMHis  of  Monte 
Botondo  and  CaatelunOTO,  and  afterward  in  tlie  solid  state  at  Saaso  bf  Hascagiu.  The  hot 
Tapora  ot  the  lagoons  oonnst  largely  of  it.  Exists  alao  in  otiier  natnral  waters,  as  at  Wlea- 
boden ;  Aaohen ;  Kranlceoheil  near  Fiili ;  Clear  Lake  in  Lake  Co.,  California ;  and  it  haa 
been  deteoted  in  the  waten  of  the  ocean.  Occnrs  also  abtindantljr  in  the  orater  of  Tnloaoo, 
one  of  the  Lipari  islands,  (orming  a  layer  on  lulphnr  and  aboat  the  fomarolea,  when  it  ma 
«iBODTei«d  bj  Dr.  Holland  in  181il. 


BUSBBXITEI  IBmA). 


In  fibrous  seams  or  veins, 

H.=:8.  Gr.=3'4:3.  LiiBtre  silky  to  pearly.  Color  white,  with  a  tinge  of 
pink  or  yellow.     Trauslncent. 

Oomp.— B,B,Ot+Bq,  with  E=Ha  :  Hk=4  :  S^Boron  trioxide  84  8,  manganese  pntoxida 
)9-9.  magnet  10-9,  water  8'9  =  10a 

Pyr.,  eto — Id  the  closed  tnbe  darkens  in  color  and  yields  neatral  water.  If  tnimeiio  papef 
,■  moistened  with  this  water  and  then  wiUi  dilate  hydrochloric  aciil  it  amimes  a  red  oolor 
(boron).  Fuses  in  the  fliime  of  a  candle,  and  B.B.  in  O.F.  yields  a  black  orystalline  masa 
coloring  the  flame  intensely  yellowish-green.  Beaote  for  mangauese  with  the  fluzea.  Soluble 
In  hydrochloric  acid. 

Obs Found  on  Uina  Will,  Franlnlin  Furnace.  Sasaez  Co. ,  N.  J.;  associated  with  franklio- 

Ue.  sindte,  willemite,  and  other  manganese  luui  cine  minerals. 

SZAiB&LxiTK.~A  hydrous  magnesiam  borate,  MgiB,0 1 1  +  3aq  (or  Jaq).  Ooonrs  in  aoioalar 
tsrrstals.     Color  whit«.     Hungary. 

LvDWiQiTB  (Tbe^mn^).— Finely  Qbront  mawea.  H.=5.  O.  =3 -807-4  01 6.  Color  black- 
ish-green to  blade  Composition  R,FeB,Oii,  with  B=Fe  :  Ug^l  :  5,  or  1  :  3.  For  th« 
latter  thefcrmuln  reqnixes  :  Boron  trioiide  16  6,  iron  sesqalozideST'S,  Inm  protoxide  IT'l, 
magnesia  28'4,  Ocoursinacrystallinclimestone  with  magnetite  at  Morawicza  in  the  Banat 
also  alCored  to  limonite. 

n„i„,.^.>,i.^i^ 
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Y 


BORAUITH." 


Isometric;  tetrohedral.     Cleavage:  octahedral,  in  traces.     Cubic  faces 
lometimee striated  parallel  to sltematepairs  of  edges,  as  in  prrite. 

H-=7,  in  crj-Btala;  4-6,  maeaive.     (J.=2-974,  Haidinger.      Lusti-e  vitro- 
ona,  inclining  to  adamantine.     Colorwhite,  inclining 
to  gray,  yefiow,  and    green.     Streak  white.     Sub-  "" 

transparent — translncent.  Fractnre  conchoidal,  on- 
even.  Pyroelecti-ic,  and  polar  along  the  four  octa- 
hedral axes. 


Oomp^-MK,6,.CliOt>  =  SHgi6|Oii+MKCl,  =  BoKin  bioxida 
8257,  magnens  81-38,  ohlorine  7-93=101-78. 

Pyr.,  stc — The  masalTe  nuiet}'  girea  water  in  the  doted  tnbe. 
B.B.  both  Tsrletiea  fuse  at  2  with  Intaneiceiice  to  s  white  C17B- 
taUine  peail,  ooloiing'  the  fl»me  gr^een ;  heated  after  moiBtenuig 
with  oob&lC  BolntioD  assumes  a  deep  pinJc  oolor.  Mixed  witii  oopper  oxide  and  heated  <m  char- 
ooal  oolora  the  flume  deep  aznie-blae  (copper  chloride).  Soluble  in  hjrdroehlono  aoid.  Alten 
TBT7  slowly  on  eipoenxe,  owing  to  the  magnedmn  chloride  present,  which  takes  up  water. 

Oba. — Obserred  in  beds  of  anhydrite,  gypsum,  or  salt.  In  crystals  at  Kalkberg  and  Sohild- 
■tein  in  LUnebeig,  Hanorei :  at  Scgeberg,  near  Kiel,  in  Holatein ;  at  LnneTiUe,  La  Ueoithe, 
Tranc* ;  mMsiTe  and  ciTBtaUiied  at  Staasfurt,  Prussia. 

V 

BORAX.     Tlnkal  td  India, 

Monoclinic  (7=73'*25',  /a/=87°,  0  a  24  =  132**  49';  i:h:a:s 
04906  :  09095  :  1.     Cleavage :  i-i  perfect ;  I  less  so ;  t4  in  traces. 

H.=2-2'5.  G.=l*716,  XnBtre  vitreous — reainoue;  sometimes  earthy. 
Color  white;  pometimes  grayish,  bluish,  or  greenish.  Streak  white. 
Translucent — opaqne.  Fracture  conchoidal.  Bather  brittle.  Taete  sweet- 
ish-alkaline, feeble. 

Oomp.— IIatB.O,+10Mi=S(NaBO(+EBOi}+0*q=Boroii  trioxide  884,  aoda  16-3,  watn 
474. 

Pyr.,  Bto.,— ER  pnfli  up,  and  aftemrdi  fuses  to  a  transparent  globule,  oalledtbe-glaas  of 
borax.  Soluble  In  water,  jMdn\g  a  fiuntly  alkaline  tolntion.  Boiling  water  disBolTes  double 
ita  weight  of  this  salt. 

Obs. — Borax  was  originally  brought  from  a  salt  lake  in  Thibet.  It  la  annoonoed  by  Dr.  3. 
A.  Teatoh  as  existing  in  the  irawrs  of  the  aea  along  the  Oalifomia  coast,  and  in  thoae  of 
many  of  the  mineral  springs  of  California.  Oocnrs  in  the  mad  of  Borax  Lake,  near  Clear 
Libke,  GaL  Also  found  in  Pern :  at  Halberstadt  in  TransylTBiiIa ;  in  Oeylon.  It  ooonis  In 
Bolntion  In  Uie  mineral  spring*  of  Chambly,  St  Onta,  etc.  .Canada  Bast.  The  waters  of  Borax 
Lake,  Califoroia,  contain,  aocoiding  to  Q.  B.  Hoore,  S85'08grainaot  OTstalliaed  boiaxtoUia 
fallon. 

V         DZJl^rFZL    Bonmatiooalcite.    Natronborooaldte. 

In  ronnded  raaeses,  loose  in  texture,  consisting  of  fine  fibres,  whidi  an 
aeionlur  or  capillary  cirstals. 

H.=l.  G.=l-65,  N.  Scotia,  How.  Lustre  silky  within.  Color  wliita 
Tasteless. 

damp,— NBOaB(Oi+Baq=Banin  trtoxide  49-7,  lima  16-0,  aoda  8-8,  water  !iS'6=I0a 
ryr^  •to_nalda  watar.    B.B.  fnaaaat  1  wUtalntuMaoanoa  toa«learblabbrf^aaa,eokl 
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Obi. — Oocnni  in  the  Atj  plama  of  Iqaiqiia,  Sonthero  Fera ;  in  the  proniice  of  TanfMoa 
(where  it  is  called  it'ai).  in  ix-hituh  ronnded  maiseB,  from  d  buelnnt  to  a  potato  in  aiie,  whioh 
ooDsiet  of  interwoven  Sbres  of  the  nleiite,  with  pu^eringiM,  glauberibe,  halite,  gypsam,  and 
other  imparities;  on  the  West  Aftioa  coast;  in  Nova  Scotia.,  at  Windsor,  Brookville,  aod 
Hewport  (H.  How),  fiUiug'  narniw  cavitiea,  or  ooDBtitntiiiK  digUnct  Dodnles  or  niammiilab:d 
inMses  imbedded  in  white  gTPBnm,  and  aasodated  at  Windaoi  with  glaober  salt,  the  loatra 
tntemall;  lilky  and  the  color  very  white  ;  in  Kevada,  in  the  rait  maiBh  of  the  Cottimbna 
Mining  DtBtricC,  forming  layers  2-S  in.  thick  alternating^  with  UjrejB  of  salt,  and  in  balla  3.^ 
in.  throogh  in  the  salt 

BEcmLiTE.  (Borooalcite). — An  IncnutatiOD  at  the  TnBcnn;  lagoons.  Compoaitian  CaBiOi 
+  4aq.  Also  amilar  from  Sontb  America.  Lasdekellite,  Laookitb,  rare  t>omt««  ban  tha 
Tuscan  lagoons. 

Priceitb  [8iZinuin).—Conipaat,  chalkjr.  Color  milk-white.  Composidon  CaiBtOn  +  Saiq. 
This  requires :  BorontriDxide49-8,lime29-B,  water  30'3  =  100.  OocnisinlayeiBbebweenalMd 
of  slate  above  and  one  of  steatite  below.     Near  Chetko,  Cnrr;  Co.,  Or^on. 

HOWLITB,  SiiieoboToenUiU. — A  hydroiu  oalcinm  borate  (hke  bochiliM),  with  one-aixth  <A. 
«  silicate  analogoan  to  daiiburit«.  Near  Brookvills,  and  elsewhere  inHantaCo.,  Nova  Scotia, 
in  nodules  imbedded  in  anhydrite  or  gypenm  ;  these  ncidnles  sometimes  made  np  of  pearij 
otjstalllne  scales.  Wikswubthite.  In  imbedded  or;t  balline  nodnles  from  Winkworth,  N.8. 
In  comporitioD  between  selenite  and  howlite ;  a  mixture  (?). 

CRTFTOMOBPniTB.— Near  nlexite  in  composition.  In  miuroioopio  rhombic  tablaa.  Non 
SootiK. 

LDBEnimoiXE. — A  phoapho-borate  of  iwjgnMrinm  Flattened  maawM  in  gypeifarooa  omA 
■t  Iitinebnig. 

WARWIOETTB. 

Monoclinic.  If^I=^V*  20',  DesCl.  Uanal  in  rhombic  prisms  with 
obtnse  edges  tmncated,  and  the  acute  bevelled,  Bummits  generally  rounded ; 
sorfaceB  of  larger  crjetals  not  polished.  Cleavage:  tnaci-odiacional  per- 
fect, affording  a  surface  with  vertical  striie  and  traces  of  obliqae  cross 
deavage. 

H,=3-4.  G.=3*19-3'43.  Lnstreof  cleavage  anrface  snbmetallie- pearly 
to  enbvitreons ;  often  nearly  dull.  Color  dark  hair-brotrn  to  dull  olacK, 
sometimes  a  copper-red  tinge  on  cleavage  surface.  Streak  btuish-blavk. 
Fracture  nneveii.     Brittle. 

Oomp. — Bsaentially  a  boroti 
TiO,  23-83,  Fe0.7<a,  MgOSi   _..    .. 

^T.,  ete. — Yields  water.  B.B.  infnBible,  bat  becomes  lighter  in  water ;  moiatened  with 
snlphnrlo  acid  gives  a  pnle  green  color  to  the  flame.  With  siJt  of  phosphorus  in  O.F.  a  al«ai 
b«wl,  jellow  while  hot  and  colorless  on  cooling ;  in  B,  F.  on  charc<w]  with  tin  a  violet  ool<u 
(titanium).  With  soda  a  slight  manganese  reaction.  Decomposed  by  snlphurio  add ;  tii« 
product,  treated  with  alcohol  and  ignited,  gives  a  green  Bams,  and  bailed  with  hydroohltnio 
•eid  and  metallic  tin  gives  on  evaporation  a  violet-coloied  eolation. 

Obs. — Ooonrs  in  granular  limestone  2^  m.  S.  W,  of  Edenville,  IT.  T.,  with  spinel,  a)wndn»- 
dlt«,  Mtpentiiw,  eto.    OryrtaU  lunallj'  small  and  slender;  MtnetimM  over  t  in.  long  a-^  |  la. 


byGoogIc 


arrOBH  oaKForam — nnrosTATSs,  uoltkdatxs,  bio. 
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Monoclinic  C  =  89"  22',  iK  I— 100°  37',  *^  A-i-t  =  118°  6',  i-*  A  +H 
=  117°  6',  14A1-1  =  98°  6',  DesOloizeanx.  Cleavage:  t-i  perfect,  t-i 
imperfect.  Twins :  planes  of  twinning  i-i  (f .  692),  |-1,  and  rarely  |4. 
Also  iiTegiilsr  lamellar  j  coaise  divergent  eoluinnar;  masBive  granular,  the 
particles  strongly  coherent. 


,<?\ 
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H.=5-6-5.  G,=7'l-7*56,  Lmtre  siibmetallic.  Color  dark  grajish  or 
brownish-black.  Streak  dark  reddish-brown  to  black,  Opaqne.  Sometimea 
weak  magnetic 

Tar, — The  most  Important  TBrietdet  depend  on  the  propottioiu  of  Uie  tron  uid  msi^atieaa. 
Those  rioh  in  manganese  have  a.  =  T'19-7'64,  bnt  genenlly  below  7 "29,  and  the  streak  la 
mostly  block.  Those  rioh  in  iron  hftve  Q.  — T-S-TM,  and  a  dark  reddiah- brown  streak,  smd 
they  are  lometlmes  feebly  attractable  by  the  magnet. 

Oomp.— (Fe,IIn)WO„  Fe  :  Md=2  :  8,  mostly ;  also  4  :  1  and  2  :  1,  S  :  1,  0  : 1,  eta  The 
raldo  2  :  S  correaucoid*  to ;  Tungsten  trfoxida  7Q'4T,  iron  pTotoxide&'4S,  manganese  protoxide 
14-04=100. 

Pjr,, «{«.— B.B.  fuses  easily  (F. =2*9-8)  to  a  giobnle,  which  has  a  oiystaUine  mrfBoe  and 
Is  magnetio.  With  salt  of  phosphorus  gives  a  olear  reddish-yellow  elass  while  hot,  which  is 
paler  on  cooling;  in  E.F.  beoomee  dark  red ;  on  oh&TDoal  with  tin,  u  not  too  saturated,  the 
iMad  aasnmes  on  ooolinK  a  pwenoolor.  which  oootinned  treatment  in  R.F.  changes  to  reddish 
jellow.  With  soda  and  nitre  oo  platinum  toil  fosea  to  a  bloish-groen  niannuate.  Secom* 
Med  In;  aqu  regU  with  Mpan^ttHi  of  tnngaten  fedoxida  as  a  yellow  powda,  whleh  when 
tnatedB.B.  reacts  as  under  tongatlte  (p.  281).  WoUramia  suBlcientlTdeoompoaed  by  con- 
centrated sulphuric  acid,  or  even  b^drochlorio  acid,  to  give  a  ooIotIms  solution,  whioh, 
treated  with  metallic  idnc,  becomes  intensely  blue,  but  soon  bleaches  on  dilation. 

Dt&.~ Characterized  br  itfi  high  specific  gravity  and  pyrognostics. 

Oba. — Wolfram  is  often  associated  with  tin  ores;  also  in  quartx,  with  natire  biamnth, 
scheelite,  pjrJCe,  galenlte,  blende,  etc. ;  and  in  trachyte,  as  at  Felsdbanva,  in  Hunga)FT.  It 
occurs  at  Sehlackenwald  ;  Schneeberg  ;  Freiberg  ;  Bnrenfriedersdorf ;  Zinnwald,  and  Ner^ 
achinsk  ;  at  Chanteloup,  near  Limogea,  and  at  Mefmac,  Corr^ze,  in  Fiance  ;  near  Bedrath 
and  elsewhere  in  Cornwall ;  in  Cumberland.     Also  in  S,  America,  at  Omro  in  Bolivia. 

In  the  U.  States,  occurs  at  Lane's  mine,  Monroe,  Conn. ;  at  Trumbull,  Conn. ;  on  Camdage 
farm,  near  Blue  Hill  Bay,  Me.;  at  the  Flowe  mine,  Mecklenburg  Co.,  N.  C.j  in  Missoun, 
near  Mine  la  Motte,  and  in  St.  Francis  Co.  j  at  Mammoth  mining  diatriot,  Nevada. 

H1}BKBaiTE.*— A  manganese  wolframite,  MnWO,  =  Tungsten  trioxide  76  9,  manganeta 
protoxide  28-1  =  100.     Mammoth  dist.,  Nevada. 

MaaABAUTB,— A  manganese  tungstate,  with  a  little  iton.    Schlaokeawald. 
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TetTftgonal;  hemibedral.     £>Al-»  =  123°  3';  ^  =  1*6369.    GeaTSfo:  1 
moBt  distinct,  l-«  interrupted,    O  traces,      l^wine : 
OM  twinning-plane  /;  also  i4.    OrvBtals  usually  octahe- 

dral in  form.     Also  reniforra  with  oolaianar  stmc- 
tnre ;  and  massiTe  granular. 

H.=4-5-5.  G.=6-9-6076.  Lustre  vitreous,  in- 
clining to  adamantine.  Color  white,  Tellowish-white, 
pale  yellow,  brownish,  greenish,  reddish ;  sometimea 
almost  orange-yellow.  Streak  white.  Transparent 
— translucent.     Fracture  uneven.     Brittle. 


Oomp^-CaWO,=TDiig>teii  tiloxlde  804,  lim«  19-4=100.  A 
ysrietj  from  Coqnimtx),  Chili,  contained  fl'9  p.  c.  y&nadinm  pent- 
ozide ;  another  from  TrsTenellA  contained  did;ininm. 

Pyr.,  etc. — B.B.  in  the  foroepa  fuses  Bt  6  to  a  seml-tiatuipaMiit 
glam.     Solnble  with  borax  to  a  Izansparent  glasa,  which  after- 
ward beoomea  opaque  and  crfatolliDe.     With  salt  of  phoBphoms 
fldilaokenwald.  forto«  a  ghua,  oolorless  in  outer  flams,  in  inner  green  when  hot 

DcojaoKenwMO.  ^^^  ^^  y^^  ^-^ .  ,,jjgtjgg  containing  iron  Tsqniza  to  be  treated 

on  oharooal  with  tin  before  the  bine  color  appears.  In  bydro 
•hlnlo  or  oltrlo  add  decompoeed,  leanng  a  yellow  powder  solable  in  ammonia. 
SUS, — Remarkable  among  noa-metallic  mhierala  for  its  high  spedfio  graTity. 
Oba. — UmaUj  aasociated  with  crTatalline  rocks,  and  oommonlj  found  in  connaotian  with 
tin  ore,  topas,  flnorlte,  apatite,  mo^bdenite,  wolfnunite,  in  quart*.  Oocnr*  at  Sohladcen- 
wald  uid  Ziiinwald  in  Bohemia;  ia  tlie  Rlesenrebirge ;  at  Oaldbaek  Fell,  near  Keawick; 
Hendoif  in  the  Ban ;  Ehrenfriedeiadorf ;  Posing  m  Hnngwy ;  TraTerMlla  in  Piedmont.  «b). 
JJamnoo,  neai  Cbnapft  in  Chili.  In  the  U.  S.,  at  Lane's  mine,  Monroe,  and  Hontiugton, 
Ocmn.;  ^Chesterfield,  MaM.;  in  the  Mammoth  mining  district,  Sevada;  at  Bangle  mina,  in 
Oabarraa  Co.,  N.  C;  and  Flows  mine,  Mecklenburg  Co. 

CuFROsCREEi.iTE. — A  BOheelit«  oontoining  abont  6  p.  e.  copper  oxide.    Color  bright  green. 
La  Fax,  Lower  California.     Llomaco,  near  Santjaco,  ChilL 

CDrBOTUHOaTiTB.— A  copper  tongatate,   CuiWOi+aq.      Amorphons.      Color  yallowiah- 
graen.     With  onproscheellte  at  the  oopper  mines  of  Llamnoo,  ChilL 

8lOLZITK.—PbWO(= Tungsten  trioxlde  01,  lead  oxide  49=100.     Tetragonal.     Zinnwald  ; 
BtoUieis;  Coqnimbo,  ChiU. 


WULFBNITB.*  OelbUelen,  Qtrm. 
Tetragonal    Sometimes  hemihedral.     &Al-»=12f]°  26';    ^  =  1-574. 


fbanlxrOls. 
bi  modified  square  tables  and  Bometimea  very  thin  octahedrons.    Cleavij^e : 
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1  very  emootb ;  0  and  J  mnch  leea  distinct.  Also  granularlj  maBsive, 
coarse  or  fine,  firmly  cohesive.  Often  liemihedral  in  tlie  octagonal  prisms, 
producing  thus  tables  like  f.  696,  and  octahedral  forms  having  the  prisma- 
tic planes  similarly  obliqne. 

H.=2-76-3.  Gr.=6-03-701.  Lustre  reeinons  or  adamantine.  Color 
wax-yellow,  passing  into  orange- jellow ;  also  Giskin-  and  olive-green,  ;el- 
lowish-gray,  grayiSi-wliite,  brown;  also  orange  to  bi-ight  red.  Stre^ 
white.    Subtransparent — Bubtranslucent.    Fracture  subcoiiuhoidal.    Brittle. 

Tar. — 1.  Ordinary.  Color  jellow.  3.  Vanadiferoia.  Color  omngo  to  bright  rsd,ftv«riei7 
oootuting  st  Pheoixrille,  Pk. 

Oomp.— PbMoO,  =  .MoljbdBnnm  trioxide  88'5,  lead  oiide  61-5=  100.  Some  varieties 
ccntiLiu  chromium. 

Pyr.,  etc. — B.  B.  decrepitates  and  fuses  below  2  j  with  bonix  in  0.  F.  givei  a  oolotlen  glaM, 
in  B.F,  it  becomes  opaque  blaok  or  dirty  green  with  black  Qocki.  With  salt  of  phoaphomi 
in  O.F.  givea  a  }'ellomiib-gTeen  gloaa,  which  in  B.F.  becomes  dark  green.  With  aoda  on  char- 
coal yields  metotlia  lead.  Decomposed  on  evaporation  with  hydrochloric  acid,  with  the 
lonoatiOD  of  lead  chloride  and  molybdic  oiiile  :  on  moistecio^  the  residue  with  water  and 
adding  metallic  lino,  it  giree  an  inteutie  bine  color,  which  does  not  fade  on  dilnticn  id  the 
liquid. 

Obt. — This  spedei  docotb  In  Tcina  with  other  ores  of  lead.  Found  at  Bleiberr,  etc.,  in 
Oarintbia ;  atBetsbanya;  at  Frzibram ;  Hohueeberg  and  Johanngeorgenetodt ;  at  Moldava; 
in  the  Kirghia  Steppes  in  BnsBia  ;  at  Badenweiler  in  Baden  ;  in  the  gold  Bands  of  Itio  Ohico 
in  Antioqnia,  Columbia,  S.  A. ;  Wheatley'B  mine,  near  PhenizTille.  Pa.;  at  the  Comstock lode 
in  Nevada.  In  fine  apeoimens  from  tbe  Empire  mine,  Lncin  District,  Box  Elder  Connty, 
Utah ;  at  Empire  mine,  Inyo  Co.,  Cai.  ;  in  tbe  Weaver  diat.  Ariiona. 

SoBiTB  (5EtAmu/].~In  minute  tetragonal  octahedrons.  Color  deep- red.  Probably  a  vana- 
dio-molybdate  of  lead.     I.eadhills,  Sootland. 

AcHKBMATiTB.— An  arsenio-molybdate  of  lead.  Analysis.  AsvOg  18-29,  HoOi  S-Ol,  01 
81B.  Pb638,  PbO  68-81  =  100'Oa  Compaot;  Btrnoture  indistincUy  oryBtalline.  H.=8-4. 
O.  =S  DOS,  S  '178  (powder).  Ctdoi  Uver-brown,  branslncent ;  in  minute  graina  transparenc  and 
color  yellow.  Brittle.  OusDaceifi,  State  of  Chihoahua,  Hesico.  (Mallei,  J.  Ch.  Soc.,  xiii., 
lUl,  Mew  Series.) 


OB.OOOTFB.    Oroooiaite.    Bothbleten,  Uarm, 

Mouoclinic.     0=  77°  27',  /A  /  =  93°  42',  0  A 14 
=  0-96507  :  1-0414  ;  1,  Dauber.     Cleavage  :  /toler- 
ably distinct ;   0  and  i-i  less  so.     Surface  /streaked 
longitudinally ;  the  faces  mostly  smooth  and  shin- 
ing.    Also  icnperfeotly  columnar  and  granular, 

H.=2-5-3.  G.=59-6-l.  Lustre  adamantine- 
vitreous.  Color  various  shades  of  bright  hyacinth- 
red.     Streak  orange-yellow.     Translucent     Sectile. 

Oomp. — PbCrO(=Lead  oxide  69-0,  ohromlnm  trioxlde  81'0  = 
100. 

Pjrr.,  etc. — In  the  closed  tube  decrepitates,  blackens,  bnt  re- 
Mvera  its  oriKinal  oolor  on  cooling.  B,B.  fuses  at  IS,  and  on 
■harooal  is  rednoed  to  metallio  lead  with  defloration,  leaving  a 
raaldDe  of  chromic  oxide,  and  giving  a  lead  coating.  With  salt 
ef  pbosphorns  gives  an  emerald-green  bead  in  both  flamea.  Fused 
with  potasuum  biaulphate  in  tbe  platinum  spoon  forms  a  dark 
*iolet  mass,  whioh  on  soUdi^riiig  becomes  reddish,  and  when 
skd  gteenieh- white,  tjina  diSacng  trom  vouadinite,  whioh  on  rimllai 
jrallow  nWM  (Plattneii 
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Oba.— rizrt  found  at  Beraaof  fn  BibedB ;  at  Mnniiuik  anJ  aeai  ITuduie  TagDak  is  tkc 
Qial;  taBmll;  at  Betibuija;  Holdawa;  on  Luon,  ona  of  the  Pbilipplnea. 

FHSmOOOHROITB.    Helanoditoite. 

Orthorhombic  (?),  Oryetals  asQallv  tabniar,  and  reticularly  interwoTeD. 
Cleavage  in  one  direction  perfect.    Also  masaive. 

H.=:3-3'5.  G-.  =6'75.  Lustre  reeiiiouB  or  adamantine,  glimmeriiig. 
Color  between  cochineal-  and  hyaciiith-red ;  becomes  lemon-yellow  on 
exposure.     Streak  brick-red.     Subtranslncent — opaque. 

Oomp.— PbiOriOt=SFbCiO,+PbO=ChrominiD  trlozide  2S-0,  lead  oxide  77-0=100. 

Pyr^  oto. — B.B.  on  ohBToooI  ftLoeg  teiulilj  to  a  d&ik  maa,  whioh  la  arfatallina  when  ceUL 
bi  B.F.  on  ohaixjoal  giraa  a  ooatinf  of  laad  oxide,  with  globnlee  of  lead  and  a  reeidDe  at 
fbromfo  oxide.     QlTea  tha  rsaodon  of  ohronie  with  flnzak 

Oba. — Oconn  in  limeatooe  at  Bere«ot  in  the  Ural,  with  crooolte,  Tanqaelinite,  pfcomoiplute, 
and  galenltA 


TAUQnUZAl  ITJJ. 

Monodinic.  Cryatals  nsnally  minute,  irregnlarly  aggregated.  ^Iso 
reniform  or  botrroidal,  and  grannlar ;  amorphous. 

H.=2-5-3.  G.=5-5-5-78.  LuBtre  adamantiue  to  reeinonB,  often  faint. 
Color  green  to  brown,  apple-green,  eiBkin-green,  olive-green,  ochre-brown, 
liver-brown;  Bometimeepearly  maek.  StreafegreeniBhorbrownish.  Faintly 
tranalncent — opaque.     Fracture  uneven,     Kather  brittle. 

Oomp^Pb,OuCr,0,=aECrO,+EO.  B=Pb  :  Cn=2  :  1.  The  fonnnla  reqoirei:  Otio- 
miam  tnoxide27'e,  leadazLde61'5,  oopper  oxide  lOil^lOO. 

Pyr.,  etc. — B.B.  on  oliaiconl  alightl;  intntneaoea  and  fovea  to  a  giay  mbmetalllo  g^lobnle, 
jlelding  at  the  tame  time  small  globnlea  of  metal.  With  borax  or  nit  of  phoaphorns  aSocdt 
a  green  traaiparent  glaia  in  tha  outer  flame,  whioh  in  the  inner  after  cooling  ia  led  to  black, 
moooiding  to  tha  amount  of  mineial  In  li>e  aaiaj ;  the  red  color  ia  more  distinct  with  tJn. 
Fartlf  aolnble  In  nltxio  at^ 

Oba. — Occnn  with  orocoite  at  Beraaof  in  Siberia,  generally  In  mamnii Hated  or  amorphona 
maaaea,  or  thin  cmata  ;  alao  at  Pont  Qiband  in  the  Pn7  da  Dome ;  and  with  the  croocate  of 
Brazil.  In  the  U.  Statea  it  haa  bean  found  at  the  leiu)  mine  near  Sing  Sing,  in  green  and 
browniah -green  nuunmlltarf  oonoretioni,  and  alao  nearly  paltemlent ;  and  at  ue  Peqna  lead 
■nine  in  Lancaatec  Co.,  Pa.,  in  minute  oijetala  and  radiated  aggiegadona  on  qnaita  aod 
lalenite,  of  a  aiakin-  to  a|m}«.green  oolor.  ^th  oemadte. 

loxManKiTK  ( ptoptejtrwwfcl . —Hear  TiwqneUnita,  bat  held  to  be  a  pLivpho-chiomM*. 


byGoogIc 


ozTQKK  ococpomnie. — bvlpsati 


«.  SULPHATES. 

AkBYDBODB   SuLPHATSa. 


BariU  Qtov^, 

SABITB.    BuTtMi    Bmtt  Spar.    Sohwwapftth,  <?«rM. 

Orthorhombic     I A  /=  101»  40',  0  A 14  =  121°  60'ii:l:A  =  1-6101 


CbealiiTB. 

:  1-2276  : 1.  O  A 1  =  IIB"  43' ;  i-t  A  H,  top,  s. 
102°  17' ;  1-1 A  l-I,  top,  =  74°  86.  CryaUls  nsn- 
a.]\y  tabntar,  rb  in  fignrcs;  sometimeB  prismatic 
in  the  direction  of  ttie  different  axes.  Cleavage : 
basal  rather  perfect ;  /somewhat  lees  so;  »-{  hnperfeut.  Alao  in  globnlar 
forms,  fibrous  or  lamellar,  crested  ;  (ioareely  laminated,  laminie  convergent 
and  often  curved ;  also  granular ;  colorssometimes  banded, asin  stalagmite. 
H.  =  2'5-3"5.  (t.=4'3— 4'72,  Lustre  vitreous,  inclining  to  resinous; 
sometimes  pearly.  Streak  whita  Color  white;  also  inclming  to  jellow, 
gray,  blue,  red,  or  brown,  dark  brown.  Transparent  to  translncent— opaqua 
Sometimes  fetid,  when  rubbed.     Optic-axial  plane  bracby diagonal. 

Oomp^BaS0.=8i]IphDr  trfoxlde  84-3,  buTta  09-7=100.  Btrontliiin and  winottmei  cal- 
aiaia  nplaoe  part  of  tbo  barium ;  aJso  olioa,  oUy,  bitmniiioiiB  or  cmibonaoMnu  rabBtoncei 
are  often  piesent  ■■  impuritiea. 

Pyr.,  flto.— B.B.  dearapibitM  and  foMa  ftt  8,  ooloriug  the  flftmayellowiili-green;  thefnaed 
miua  romott  >Jhftlme  irith  Mat  papet.  Od  ohaicoal  reduced  to  a  salphide.  With  soda  giv«t 
at  fint  a  clear  peart,  bnt  on  oontinned  blowing  Tieldfl  a  hepatic  maaa,  which  ipreada  cnt  and 
•oaks  into  the  coal.  If  a  portion  of  thla  maaa  be  removed,  placed  on  a  cle«ui  sUver  autface, 
and  moiatened,  it  givea  a  black  apot  of  ailver  antpbldo.  Should  the  barite  contain  oaldom 
■nlphate,  thla  will  not  be  abaorbed  bj  the  coal  when  treated  in  powder  with  aodo.  Inaolnble 
In  acido. 

TUB. — Dlatingnlahing  characters :  high  apedfio  giBTitj,  higher  than  oel«stit«  or  Aiagonite ; 
(deavage ;  inaolnbilitr ;  green  coloration  of  the  blowpipe  flame. 

Obk — Occnn  oommonlj  in  oonneOTion  with  beda  or  veins  of  metallic  ores,  an  part  it  the 
faugne  of  the  ore.  It  ia  met  with  in.  uoondar;  limestone,  BometJnies  forming  distinct  velna, 
lad  often  in  otyatals  aloi^  with  otUoite  and  ooleatit*.    At  Dafton,  in  WesUnorulaod.  Eng 


land;  In  Coni«»n,  near  LIskeard,  etc.,  ia  OnmberUDd  and  Laneaabire,  tn  Derbjahin,  Staf 
torduiire,  eCo. ;  in  Sootland,  in  Aifrjlesbire,  at  Stiontian.  B<ime  of  tlie  most  impOTtAiit 
Earopean  localitiea  aie  at  Felsabsnra  and  EremtuU,  at  Freibciir,  Harienbetg,  Claostbal, 
PnibTam.  and  at  Boya  and  Boure  in  AnverKne. 

In  tlie  n.  S.,  in  Coin.,  at  OhcBbire.  In  JV^.  Tbrit,  at  Filial  Faint;  at  Scobarie  ;  in  St. 
Lawrence  Co.;  at  Fowler;  at  Hammond.  In  FiV^'nui,  at  Eldridge'sgoldminein  Backiugham 
Co.;  neai  Lexington,  in  Eockbtidga  Co.;  Fanqnter  Co.  In  Ktntueky,  neat  Paris ;  in  tbe  W. 
and  of  L  Bo^ale,  L.  Superior,  and  on  Spar  Id.,  IT.  «bor«.  In  Canada,  at  LandBdomt.  Id 
One  otTBtaU  neat  Fi^  Wallace,  New  Uexioo. 

Tbe  white  varietiea  of  baiite  are  ground  np  and  emploTed  aa  a  white  paint,  eiUiei  alone  oi 
mixed  irith  white  lead. 


\ 

Orthorhombic.  /a/=104°2'  (103°  SO'-lOi"  SC),  (?a1-*  =  121» 
lOi' ;  ^ :  J  ;  d  =  1-6432  :  1-2807  :  1.  (?  A 1  =  115"  38',  (3  A 14  =  127"  66', 
1 A 1,  mac,  =  112"  85',  1 A 1,  brach.,  =  89"  26'.  Cleavage :  0  perfect ; 
/dietinct;  t-i  less  distinct.  Also  Sbroas  and  radiated;  eoinetimes  globn- 
lar;  oocasioDaUy  gimnular. 


n.=S-3-5.  G.=3'92-3-9T6.  Lmtre  Titreone,  Bometimea  inclining  to 
poRi'iv.  Srrcak  white.  Color  white,  often  faiut  bluish,  and  Bometimea  red- 
diBh. '  TfnnBpai-eiit— eubtraiialiicent.  Fracture  imperfectly  conuhoidal— 
nneven.     Voi-y  brittle.     TrichroiBin  eometimea  very  distinct. 

Oomp.— 8r30*=r8nlphnr trio«ide 488,  rtronWa B8'4=10a  WittsteJa  finds  that  the  Una 
Miol  of  the  oele«tit8  of  Jana  la  due  to  a  trace  of  a  pboapbat*  of  Iron.  ,    .      ^^    ^ 

Pyr.,  eto^B.B  frequently  demf  pitateB,  fines  at  8  to  ft  white  pearl,  coloring  tbe  flama 
•bonUa-rod;  the  fused  mna*  reaotn  alkaline.  On  oharooai  fuses,  and  in  E.F.  il  oonrerted 
Into  a  difflooltlj  fusible  bepatic  mass;  thia  treated  with  hjdrochlorin  acid  aod  alcohol  givea 
an  intensely  red  flame      With  soda  on  charcoal  reacts  like  barite,     Inaolnble  in  aoids. 

I>tff.-~I>oes  not  aflerTeBoo  with  aoids  like  the  carbonatoi ;  Bpecifio  gravity  lower  than  that 
of  barite ;  oolois  the  blowpipe  flame  red. 

ObB.^Celestite  is  usually  aasociated  with  limestone  or  landBtane.  Occnra  al»>  in  beda  of 
npBum,  rock  salt,  and  olay  ;  and  with  snlphnr  In  aome  volcanie  regions.  Fotind  in  Sidly,  at 
Oirgenti  and  elsewhere  ;  at  Bex  in  Switierland,  and  Conil  In  Spain  ;  at  Dombnig,  near  Jema ; 
in  the  department  of  tbe  Oaronne,  FrancA  ;  in  the  Tyrol ;  Betibanya  ;  tn  rock  Bolt,  at  Isdil, 
Anatrla.  Found  in  the  Trenton  limeatone  about  Lake  Huron,  particn'arly  on  Strontiaa 
laland,  and  at  Kingston  in  Canada;  Chanmont  Bay,  Scobarie,  and  Lockport,  N.  T. ;  alao 
the  Roflsle  lead  mine ;  at  Bell's  Mills.  Blur  Co. .  Penn. 

Named  from  ccdettit,  eetatial.  In  allntion  to  the  faint  sbade  of  blue  often  pretwnted  by  tli« 
mlnetal. 

(Tomer).     _        _ j.        ■  -      -  , .—- 

(Keslnai).    Dinmmond  L,  Lake  Brie;  Hiirtoo.  HaaoniT. 

n  .J  ii,-j'- ■;■-  V-  it.n.is;iC 


OZT6BK  OOKFOtnon. — BITLPHATBS,  nO, 


'!P^ 


OrthoAombio.    /A  7=  100°  30',  (9 M-i  =  137°  19' ;  e:l:d  =  1'8133 
:  1-2024  : 1.    1-iAl-i,  top,  =  83".   Cleavage:  i-t  very  per- 
fect ;  i4  also  perfect ;  0  Bomewhat  leas  bo.     Also  librous, 
lamellar,    granular,    and    flometimee    impalpable.      Tlio 
lamellar  and  columnar  varieties  often  curved  or  contorted. 
H.=8-3-5.    G-.=2-899-29S5.    Lustre:  i-i  and  i-i  some- 
[\     "if  -^     what  pearly ;   0  vitreouB ;  in  masflive  varieties,  vitreona 
bU}     ,/^^     inclining  to  pearly.      Color  white,  soinetimea  a  grayish, 
blniah,  or  reddish  tinge;  also  brick-red.     Streak  grayish- 
{S^    j — ^^     white.     Fracture  nneven;  of  finely  lamellar  and  fibrone 
^  Iv    I      S.^]     varieties,  aplintety.     Optic-axial  plane  parallel  to  i-t,  or 
Stuatnrt.         plane  of  most  perfect  cleavage;  bisectrix  normal  to  O; 
Grailich. 
Var — (a)  Gi^Btalliied ;  oleaTable  in  ita  three  leotaii^iilar  diieotdona.     {b)  fibroiu;  eithu 
parallel,  or  radiated,  or  plumoBfi.     (e)  Fine  granaUr.     (d)  Scnl j  giannJiu:.    Kf^nifeiaBScalr 
Enuinlar  kin:  I  from  Vnlpioo  in  Lombaidy ;  it  is  out  and  poliahed  for  otnunental  pnipoaea.  It 
does  not  on^inarily  cantain  more  silioa  than  common  anhydrite,    A  tdnd  in  contorted  conortt- 
tionaiy  lomui  in  the  tripextone  (GdcrdltUin). 
Oomp.— CaSO.^Snlphnrtrioxido  58-8,  lime  41-2=100. 

Pyr.,  etc — B.B,  fuses  at  S,  coloring'  tlie  flame  leddiab -yellow,  and  Tielding  an  enamel-like 
bead  whicb  reacte  slkaline.  On  charcoal  in  B.F.  i«duaed  to  a  Bulpbido ;  with  eodu  does  not 
fnge  to  a  clear  globule,  and  ia  not  absorbed  bj  the  coal  like  barite  ;  it  is,  however,  decomposed, 
■ad  yields  a  mass  wbich  blackens  silver  ;  with  Qnorite  fuses  to  a  clear  peail,  which  is 
eoamel-whito  on  cooling,  and  by  long  blowing  swells  up  and  becomea  infusible.  Soluble  in 
t^rdiocbloric  acid. 

HiB. — Cbarauteiized  by  its  cleavage  in  three  reotangalar  directions ;  harder  than  gypsom ; 
does  not  efferveaoe  with  acids  like  the  carbonates. 

Obi — Occurs  in  rocks  of  various  ages,  especially  in  limestone  strata,  and  often  the  nune 
that  contain  ordinaiy  gypsum,  and  also  very  commonly  iji  beds  ol  rook  aalt.  Occurs  near 
Hall  in  Tyrol;  at  Snii  on  the  Neckar,  in  WOrtemberg ;  Bleiberg  in  Carinthia ;  Lilneberg, 
Hanover ;  Kapitik  in  llongair  |  Ischl ;  Aussee  in  Styria ;  Berchteagaden ;  Btaasfort,  in  fine 
otjalala.     In  the  0.  Stated  at  Lockport,  N.  T.     In  Nova  Scotia. 

'^.         ANaiiBSmi.    Bldvitriol,  Oerm. 

Orthorhombic.  7aJ'=103°  43J',  (?A14=:121°  20i',  Kokacharof; 
i:h:a=  1-64223  :  1-273634  :  1.  Of\14=  127°  48' ;  (?A  1  =  115°  35i' ; 
1-i  A  1-i,  top,  =  75°  35J'.  On-Btals  sometimes  tabular ;  often  oblong  pris- 
matic, and  elongated  in  the  direction  of  either  of  the  axes  (aa  seen  in  the 
figures).  Cleavage:  I,  O,  but  interrupted.  The  pliines  /  and  i-i  often 
vertically  striatetl,  and  i-t  horizontally.  Also  massive,  granular,  or  hardly 
Ba     Sometimes  stalactitic, 

H.=2-75-3,  G.=6-12-6-39.  Lnstre  highly  adamantine  in  some  speci- 
mens, in  ethers  inclining  to  resinous  and  viti-eona.  Color  white,  tinged 
yellow,  gray,  sreen,  and  sometimee  blue.  Streak  uncolored,  Transpareut 
— opaque.     Fracture  conchoidal.     Very  brittle. 

Oomp.—Pb!iO.= Sulphur  trioxide  38'4,  lead  oiide  73 '6=100. 

Pjn.,  etc. — B.B.  decrepitates,  fuses  in  the  flame  of  a  candle  [F.  =1-9).  ODchaiooal  in  O. 
F.  fuses  to  a  dear  pearl,  which  on  cooling  beoomes  milk-white;  in  B.F.  is  reduced  with  effet- 
veaoenoe  t«  metallic  lead.  With  soda  on  charcoal  in  R.F.  gives  metallic  tend,  and  the  soda 
(s  flhsorbed  by  the  coal ;  nfaen  the  surface  of  the  coal  is  removed  and  placed  on  bright  rilvel 
and  moiatenod  with  water  it  tamiihe*  Um  tnatal  blook.    DilBonltly  ■olnble  in  nitric  add. 

n  .J  ii/j'- ■;■-  V-  it.n.i>,;n^ 


DX80BIFTIT1C  IHMBRALOOT. 


Obi— This  ore  o(  lead  wai  first  obMrred  by  Monnet  m  a  i^anlt  of  the  decomposition  of 
Mleoite,  and  it  is  often  found  in  its  oavitiea.  Oooqtti  in  o^atala  at  Leadhilla ;  at  Paiy'a  mina 
bt  AneleBca ;  alao  at  Uelanonetb  in  Cornwall ;  in  Derbrahire  and  in  Cnmberland  :  Gtaaatlial, 
Zillerfeld,  and  Giepenba>ch  lo  tbe  Hara;  near  Sieg«n  in  FruBaia;  Sobapbooh  in  the  Black 
Forest ;  in  Sardinia ;  maaalTe  in  Siberia.  Andulneia,  Alston  Moor  in  Cumberland  ;  in  Aoa- 
trslia.  In  the  U,  8.,  ia  large  crystola  at  Wheatley'a  mine.  Phenixrille.  Pa. ;  in  Hiuonri  lead 
minea  ;  at  tbe  lead  minea  of  Sonthampton,  Moss.  ;  at  RoBfie,  N.T. ;  at  tbe  Walton  gold  mine, 
Loniaa  Co.,  To.     Compact  in  Arizona,  and  Cetro  Oordo,  Gal. 

Dreelttb.— -Rhombohedral.  H.— 8*5.  Q.—SZS-i.  Color  white.  Compoaition  given  aa 
CsSOi-l-SBaSOt.     Ooonri  in  small  cijstals  at  Beanjenn,  France;  Badenweiler,  Baden. 

Dol.BKOPHAnrrs  (£baocU}.— Cn.SOt.  In  minute  orTatala.  Honoolinio.  Coloi  brown. 
VemTios. 

RTDnoCTANiTB  (&a«cA^. — Anhjdnnu  oopper  BtUphate,  CaSOi.  Color  akj-blae.  Tetr 
tdnble.    TeanTina. 

Aphthitalitb,  Aroanite. — K|30,=Fot'uh54-l,  aolphnrioaoid 45*0=100.     VcaaTini. 

Thehakditb. — Sodium  inlphate,  NuifiO,.     Spain;  VeauTina. 


LI)A]}HII>Z.rTS. 

Orthorhombiti.  /A  /  =  103"  16',  0  A  14  =  120  "10' ;  c:l.A=  1-7205 
:  1-2632  :  1.  Heinihedral  in  /  and  some  other  planes ;  henco  inonoclinic  in 
aspect,  or  rhom))oliedml  when  in  compound  crystals.  Cleavage:  i-i  vary 
perfect ;  i-i  in  traces.  Twins,  f .  713,  consisting  of  tliieo  crystals ;  twinuing 
f  lane,  1-i  (see  f.  29S,  p.  97) ;  also  [parallel  with  /. 

n  .J  ii/j'- ■;■-  V-  it.n.is;i^- 


OXTOBir  OOHPOrUDS. — 80LPHA.TBa. 

H.=2-5.  G.=Q  26-6'44.  Luati-e  of  i-t  pearly,  other  parts  reainouB,  a 
what  adamantine.  Color  white, 
passing  iiito  yellow,  frreen, 
or  gi-ay.  Sti«ak  uncolored. 
Transparent  —  translucent. 
Conchoidal  fi-actiire  Buareely 
ohservable.    Bather  sectile. 

Oomp. — Fonnerl]'  acoepted  for- 
mat^ PbS0,+3FbC0.=Le«d  nil- 
pbate  37-45.  laod  oarbonaUi  72-C5= 
100.  Eeoeat  inveatigationa  b;  Laa> 
peyrea  (J,  pr.,  Ch,  H.,  t.,  470;  vii., 
137;  ziii.,  UTO),  and  Hintia  tPo^. 
Ann.,  clil.,  156),  tfaoaf[b  not  entdre^ 
•cooidont,  give  different  reanlte,  both 
show  the  presenoe  of  Bome  water.  Latpeyrea  writo 
IIH,0,  and  Hintie,  Pb,0,S,Oi,+2H.O.  Analyaea : 
S0>  GO,  FbO 

1.814  808  81«1 

a.  817  818  80-80 

Pyr.,  et« — B.B.  IntameMea,  fna«B  at  1-5,  and  tama  yellow  ;  but  white  on  cooling.  Baal^ 
ndaced  on  obarcoaL  With  aoda  aflorda  tbe  leaotion  for  aalpbnrio  arid.  BSerrwoea  bdakly 
In  nitrio  aoid,  and  leavaa  white  lead  aolpbate  nnditeolved. 

Oba, — TbU  ore  haa  been  f otmd  at  Leadhilla  with  other  orea  of  lead ;  alao  In  oiTstala  at  Bad 
Gill,  CnmberUnd,  and  near  Taanton  in  Somenetahiie ;  at  Ig^eaiac,  Sardinia  (maaiUt. 

SnBANNiTB. — Composition  aa  for  leadhillite,  bat  form  thombobedcaL  Leadhilla;  ITert- 
sohinHk,  Siberia. 

CoNNiCLLiTB. — Hexagonal.  In  alendei  needle-like  bine  OTystala.  Cmitaina  ooppei  anlphate 
and  oopper  chloride.     Biact  c  <mpaeitIoa  anoertain.    Comwall. 

Oalkdoihts.— Honoolinio  (iStAntu/).  K  =2-5-3.  a.=6-4.  Oolor blaiah^reen.  BtSOt 
+  aq  (Flight),  with  E=Pb  ;  Cn=T  :  !l,  or  5PbSO,+3H.GQO,+3H,PbO,.  This  reqnirea : 
Snlphnrid  trioxide  IS-l,  lead  oxide  60  :),  oopper  oxide  114,  water  4 '8 =100.  Leadhilla,  Soot- 
laod ;  Red  Qill ;    Betibanja ;  Mine  la  Motte,  Miwouri. 

Lanahkitb.  — Honoulioio.  H.=8-2'a.  G.  =  U-3-0'4,  Color  pale  yellow,  or  gieeniah* 
white.  Tianaparent.  CompoBition  aa  formerly  accepted,  PbSO,  +  PbOOi.  Newatuklyaea  by 
Flight,  and  by  PiHuii,  ahow  the  absence  of  both  carbon  Hioxide  uid  water;  oomi>iMdti<»i 
aooordingly  Fb,90>=Pb30,-t-PbO,  whiuh  requires ;  Load  anlpbata  S7'6,  lead  oxide  421=100. 
Leadhilla ;  Siberia,  eto. 

OIiADBERITB. 

Monoclinic.  (7=68°16',  /a7=83''20',  OaU  =  136°  30';  i:b:o 
-=  0-8454  :  0-8267  : 1.    Cleavage:  0  perfect. 

n.=2-5-3.     G.=2-64-2-85.     Lnstre  vitreous.     Color  718 

pale  yellow  or  gray ;  sometimes  brick-red.    Streak  white. 
Fracture  conchoids ;  brittle.     Taste  slightly  Baline. 

Oomp^-Na,Caa,0.  =  8alphni  trioxide  07-0,  lime  201,  aoda  238  = 
100. 

Prr.,  eto.~B.B.  decrepitatea,  tnma  white,  and  fuaea  at  IC  to  ft 
white  enamel,  ooloring  the  flame  inteiiaely  yellow.  On  charcoal  fuaea 
in  O.P.  to  a  clear  bead  ;  in  B.F.  a  portion  is  abaorbed  by  the  choiconl, 
leaving  an  infusibe  hepatic  ragidne.  With  aoda  on  charcoal  givea  the 
reaction  for  anlphnr.  Solnble  in  hydrochloric  acid.  In  wat«i  it  loeea 
ita  tranaporeccy,  it  partially  disaolTcd,  leaving  a  reaidue  of  calcium 
■ulphate,  and  in  a  large  ezc«aa  this  ia  completely  diagolved.  On  long 
•zpcauie  absorba  moistnre  and  lalla  la  piecea. 

Oba — In  cry^tala  in  rock  aalt  at  ViJla  Itubia  in  New  Caatile  1  a^  at 
Auaaee  in  Upper  Austria  ;  in  Bavaria  ;  at  tbe  aalt  mines  of  Yio  in  France  ; 
■nd  al  Borax  Lake,  Oalifomia;  Province  of  Tarapaoa,  Peru. 


H.Uy 
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HyBBOUS     SDLPI1ATE8. 


MTRAmLITE.     Glanber  Bdt 

Monocliuic  C=n°l&',  IaI=S6°31',  CAl-i  =  130»  19';  c  :  J  :,I 
=  1-1089  :  0-8962  : 1.  Cleavage;  i4  perfect  Usually  in  efflorescuut 
crusts 

H,=  l-5-2.  Q.=l-481.  LiiBtrt-  vitreous.  Color  wUito.  Trausp&reut — 
opaque.    Taste  cool,  then  feebly  suliue  aiid  bitter. 

Oomp.— NBiSO.  +  lOnq^Salpliar  triozide  24 '8,  soda  19-3,  water  55-9=100. 

Pyr^  etc. — In  the  dosed  tube  much  water ;  gives  on  intiecse  yellow  to  the  Same.  Vwy 
•olnble  in  water ;  tho  BOlntion  gives  with  barium  ealts  the  reaction  for  Bulphuho  acid.  Falla 
lo  powder  on  exposoie  to  the  aii.  and  becomes  anlijdroui. 

Obfl. — Octmia  at  lachl  and  HnJlatodt ;  also  in  Unngar;;  Switzerltuid  ;  Italy;  atOnipuicoa 
In  Spain,  etc  ;  at  Kailua  on  Hawaii  j  at  Windsor,  Nova  Sootia ;  alao  iieai  Sweetwater  Eiver, 
Boo^  Mountains. 

UAgOAQKiTii,  BoDSSiNOAULTiTE  (oerboUte),  LECOBTrTB,  and  GouiovcLiTs  are  hydnms 
nlphatea  containing  ammonium. 


Monoclinic.  C=  66°  14',  if  the  vertical  prism  /  (see  t.  716)  correspond 
to  the  cleavaoje  prism  (eeeoiid  cleavage"!,  and  t!ie  basal  plane  O  to  tlie 
direction  of  me  tliii-d  cleavage.  /a7'=13S°  28',  1  iA  l-l  =  128°  31'; 
^:i:d  =  0-9:2il35:l.  Oa1  =  125°35',  6'a24=145"  41',  lAl  = 
143°  42',  2-i  A  2-*=  111°  42'. 


Cleavage :  (1)  i-i,  or  clinodiagonal,  eminent,  affordina;  easily  smooth  pol- 
iahod  folia ;  (2)  /,  imperfect,  fibrous,  and  often  apparent  in  internal  rifts  or 
linings,  making  with  O  {or  the  edge  2-i/24)  the  angles  66°  14',  and  113" 
46',  cori-esponding  to  the  obliquity  uf  the  fundamental  prism;  (3)  O,  or 
basal,  iniperfeut,  but  affurding  a  nearly  smooth  surface.  Twins  :  1.  Twiii- 
ning-])lane  0  common  (f.  717);  also  1-i,  oredge  1/1.  Simple  cryBtalaofteo 
with  warped  as  well  as  curved  surfaces.  Also  foliated  massive ;  lamellar 
stellate;  often  granular  massive;  and  sometimes  nearly  hupalpable. 
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II.=l'5-3.  G.=2-814-2-32S,  when  wire  crystals.  Lustre  of  i-l  pearly 
Rnd  Blilniiig,  other  facea  subvitreoiis.  Massive  varictiea  often  glistening, 
sometiineB  dull  earthy.  Colur  nsiially  white;  sometimes  gray,  flesU-refl, 
honey -yellow,  ochre-yellow,  blue ;  impure  varieties  often  blauk,  brown,  red 

or  reddish- brown.     Streak  white.     Tran  spa  rent— opaque. 

Var.— 1.  Cryttallaed,  or  SeleniU ;  either  in  diatiact  crratala  or  in  brood  folU,  the  folia 
Mmetimei  a  ;iud  oorogaand  transporeDt  througliont:.  2,  Ftbrota  ;  aosise  or  fine,  {a)  Satia 
^laT,  when  fine- fibiouB  a  ranety  wbioh  bos  the  peart;  opoleBceoce  of  tnoonstone  ;  (l>)^jmu)lt, 
when  radiately  nrriuiged.  3,  Mateize ;  Aiabanter,  a  fine-grained  Tatietf,  oitbet  white  01 
delicotelj  shaded;  toaiy-granvi'tr ;  enrtliy  or  rock-gyptitm.  a  dull-colored  rock,  often  impnr* 
with  day  oi  calciam  carbonate,  and  Bometimes  with  anhydrite. 

Oomp — CaSO<-<-2aq  =  t4ulphiir  trioxide  46-3,  lima  USD,  vater  20-9  =  100. 

Pyr.,  etc — la  the  oloeed  tube  gives  off  water  and  beconieB  opaque.  Fuses  at  2'5-3,  color- 
ing the  flame  red diah -yellow.  For  other  reaotionH,  lee  Anhtdbite,  p.  889.  Igoited  at  a 
temperature  not  exceeding  260°  C. ,  it  again  combincfl  with  wat^r  when  moistened,  and 
becomes  Ermly  solid.     Soluble  in  faydrocblorlo  acid,  and  also  in  400  to  SOO  paitH  of  water. 

Dlfi.~Cbaraot«riied  by  its  softcesa ;  it  does  not  efierveace  nor  getntinize  with  adda. 
Borne  Tarietiea  reeemble  henlandite,  stdlbite,  talc,  etc.;  and  in  its  fibrous  torma  itia  like  some 

Obi. — Oypsnm  often  forma  eztensiTa  beds  in  connection  with  Tarions  strtitifiod  rooks,  espn- 
□ially  limesCone,  and  marlytes  or  day  beds.  It  occars  occasionally  in  crystalline  rocks.  Itii 
also  a.  product  of  volcanoes ;  prodnced  by  the  decomposition  of  pyciie  when  IJme  is  present ; 
and  often  about  aulpbnr  springs ;  also  deposited  on  the  evaporaliDn  of  sen-watoi  and  brinea, 
in  which  it  exists  in  solntion. 

Fine  spncimens  are  found  iu  the  salt  mines  of  Bex  iu  Switzerland ;  ut  Hall  in  the  Tyrol : 
In  the  sulphur  laines  of  Sicily  ;  in  the  gypsum  formation  near  0:;ana  in  Spoia ;  in  tbe  rAa-y  of 
Sbotover  Hill,  near  Oxford j  at  Montmarcre,  near  Paris.  A  noted  locality  of  alabaster  ocouia 
at  Castelino,  S5  m.  from  Leghorn.  In  the  U.  S.  this  species  occurs  in  extensive  beds  in 
N.  York,  Ohio,  Ulinois,  Vir(|inia.  Tennessee,  and  Arkansas;  it  is  usually  associated  with  salt 
springs.  Also  in  Nova  Scotia,  Feru,  etc  It  is  characteristic  of  the  so-called  triossio,  or  TtA 
liidt,  of  the  Socky  Mountain  region ;  oleo  of  the  Cretaceous  iu  the  west,  particularly  of  tha 
days  of  the  Fort  Pierre  group,  in  which  it  occurs  in  the  form  of  transparent  plates. 

Handsome  selenite  and  snowy  gypsum  occur  in  N.  York,  near  Lookport ;  also  neat  Gamil- 
lua.  Onondaga  Co.  In  M'\rnlnnd,  ou  tbe  St.  Mary's,  in  day.  In  Ohio,  large  transparent 
crystals  have  been  found  at  Poland  and  CanHeld,  TrumbQll  Oo.  In  Tean,,  selenite  and  ala- 
baster in  Daviilson  Co.  In  Kentucky,  in  Mammoth  Cave,  in  the  form  of  rosettes,  eto.  In 
If.  Scotia,  in  SuKsei,  King's  Co.,  large  crystals,  often  containing  much  symmetriooUy  dis- 
seminated sand  (Manb). 

PlnsUr  of  Puri*  (or  gjpsnm  which  has  been  heated  and  ground  up]  is  used  for  making 
moulds,  taking  casta  o(  statues,  medals,  etc  ;  for  .producing  a  hard  fiiush  on  walls ;  also  in 
the  manufacture  of  artifidol  marble,  as  the  soagliola  tables  of  Leghorn,  and  in  the  glazins  of 
poroeloin. 


Monoclinic  (?).  A  prism  of  116°,  witli  acute  edges  trnncated.  Usnallj  iu 
oompaut  fibiuns  masses. 

H.=2-5-3.  G.=2-7689.  Lnstre  reainoiia  or  slightly  pearly.  Streak 
red,  Coloi'  fleah-or  brick-red,  sometimes  yellowish.  Translucent — opaque 
Taste  bitter  and  astringent,  but  very  weak. 

Oomp.— 2RS0,-^aq.  where  E=Ca  :  l^  :  K,  in  the  ratio  3:1:1;  that  to.  K,H(rOa,B,0,. 

-(■3aq=Cnlcinm  sulphate  45-S,   magnesium  sulphate  IS  9,  potassium  sulphate  2ti'0,  water 
6-0=;  100. 

Pyr.,  eto. — In  the  cloeed  tnbe  gives  water.  B.B  fuses  at  1  S.  colors  the  flame  yellow.  On 
uhaTooal  (uses  to  a  reddish  globule,  wbioh  in  ILF.  becomes  white,  and  on  cooling  hoa  a  nline 
hepatic  taste ;  with  soda  like  glanberite.  With  Quor  does  not  give  a  clear  bead.  Partially 
■cluble  in  water,  leaving  a  readue  of  oaloiam  sulphate,  whiob  dinolves  in  a  larg«  amount  ol 
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Obia — Oocnn  at  tiis  mine*  of  Igoh],  Ebenaee,  Anmee,  HallBtatt,  and  H&Ilein  b  AntCtfa, 
■ith  oommon  aalt,  gypsum,  and  anbfdrito  ;  at  Berchteagaden  in  BuTaria;  at  Vic  in  LomiM, 

The  name  Pol;lialitie  is  derived  from  tkAui,  mani/,  uid  £\j,  tnlt,  in  allnsloD  to  nhe  nnmbel 
of  aalta  in  the  aonatitnlion  of  the  mlnetaL 

&7NQEHITB,  e.  Z«phnrt>vieh ;  Kalnszite.  Rumpf. — Near  polyhalite.  Composition  BSOi-i- 
aq,  Kitb  E=Ca  :  K,=  l  :  1,  that  is,  K,CaS.Oi+Aq=Fotaaiiiiin  sulphate  SJl,  calcium  sul- 
phate 41 '4.  water  6-5=100.  Monoclinlo.  Ocotus  in  small  tabular  tnystalB  in  cariliea  in  hulita 
at  E^iui,  East  Oolioia. 

KiKBEKiTK.— HgBO,+aq=Sii]phiir  triozide  SB-0,  magnesiti  28-0,  water  IDO^IOO.  StaM- 
rnit. 

PiCBOHEniTK  Is  KiHgB.O.+Oaq^Snlphnr  triozide  S9-S,  mafTieaia  SS,  potaah  38  4,  wntat 
Bd-O^lOO.  Teaavina;  Btaaifnrt. 

BLOESiTB.~Oonipoaiti<mNajHg:8.0i  +  4aq=Salphac  triozide  47-9,  magneaia  12-0,  aoda 
18-6,  water31-a=100.  Bait  mines  otlsohl;  atoointha  Andes.  SmOKtlTE  {Ttd^ermai)  m 
identioal. 

LcBifEiTB.~-2Ifa,>CfrS,0)4-6aq=BQb)tiQT  triozide  021,  magnet  180,  aoda  SO'2,  watei 
li-7=10a     FromlaohL 

BFSOMH^.    ^wom  Salt.     Bittezsala,  Gmau 

Orthoi-hoinbic,  and  generally  hemiliedral  jd  the  octaliedml  modilicatioDa, 
/A  /  =  90°  34',  0  A  1-i  =  150°  2' ;  ^  :  j  :  d!  =  0-57fMl  :  101  :  1.  1-i  A 1-^ 
basal,  =  59°  27',  1-iAl-i,  basal,  =  59°  56'.  Cleavage:  braehydiagonal, 
perfect.     Also  in  botr}'oidal  masses  and  delieatel;  Itbrous  eruete. 

H.=3'25.  G.=1'751:  1-683,  artificiJil  salt.  Lustre  vitreona— earthy. 
Streak  and  color  white.    Transparent — translucent.    Taste  bitter  and  saline. 

Oomp. — Hg30.+7aq,  when  pure  =  Snlphar  triozide  S2'5,  masons  18'3,  water  61-2=100. 

Pyr.,  eto.^-LiqniBes  in  its  wnter  of  crjatalliiation.  Oives  maoh  water  in  the  closed  tubs 
at  a  high  temperature ;  the  water  in  &cid  B.B.  on  charcoal  fusea  at  fint,  and  finallj  jieldn 
an  intnsible  alkaline  mass,  wbioh,  with  cobalt  solution,  gives  a  pink  color  on  ignition.  Vei7 
•olable  in  water,  and  has  a  very  bitter  taste. 

Oba — Common  in  mineral  waters,  and  as  a  delicate  Sbrons  or  oopillary  elBoreacence  OQ 
nocks,  in  the  galleriea  of  mines,  and  elsewhere.  In  the  (ormer  state  it  exists  at  Epsom,  Eng- 
land, and  at  Bedlitx  and  Saidac^atz  in  Bohemia.  Atldiia  in  Garniolaitooiniis  in  silky  fibrca, 
■ad  is  hence  called  hainaU  by  the  workmen.  Also  obtained  at  the  gypsam  qnarriea  of  Hont- 
martre,  near  Paris ;  in  Aisgoo  and  Catalonia  in  Spain ;  in  Chili ;  foimd  at  Vesnviua,  eta 

The  floon  of  the  limestone  oaiea  of  Kentncky,  Tennessee,  and  Indians,  are  in  many 
Instances  oorered  with  epsomite,  in  minnte  crystals,  mingled  with  the  earth.  In  the  Ham- 
moth  Care,  Ey. ,  it  adheres  to  tiie  roof  in  loose  masses  like  snowballa. 

Fadskiutb. — A  hydrous  manganeee-magneainm  sulphate.     Uungtuy. 

Goppertu  Group. 
OHAIiOAMTUlTil.    Bine  Vitriol.    Knpfwibrid.  Otrmi. 

Triclinic.  <?  A  /=  109°  32',  Oh  I'  =  127°  40',  /A  i'  =  123°  KK,  <?  A 1 
=125°  38',  O  A  i-i  =  120°  50',  0Ai4  =  103°  27'.  Cleavage :  /  imper- 
fect, /'  veij  imperfect.     Occnre  also  ainorpboos,  stalactitic,  i-eiiiform. 

n.=:2-5.  G.=2'213.  Lustre  vitreons.  Color  Berlin-bhie-to  skj-blne, 
of  difFereiit  shades ;  soiDetimes  a  little  greenish.  Streak  nncolored.  Sub- 
trauBparcnt — translucent    Taste  metallic  and  nanseoiis.    Sumowhat  brittle. 

Oomp.— CnS0ft5aq=3ulphnr  triozide  32-1,  copper  ozide  31-8,  water  86-1=100l 

Pyr.,  eta. — In  the  oloaad  tube  yields  water,  and  at  a  higher  temperature  snlphnrio  add. 

B.B.  with  soda  on  charcoal  yields  metallic  copper.     With  the  flnxee  lettcts  for  capper.  Bola- 

ble  in  water;  a  drop  of  the  aolDLion  placed  on  a  surface  of  iron  coat«  it  with  met»Uic coppra. 

Obs.  —Blue  vitriol  it  found  in  waters  issuing  froro  mines,  and  in  connection  with  r<)cka  con- 

Wning  chaloopyiite,  t^  the  alteratitm  of  whioh  it  i«  formed.     Some  of  its  foreign  looaditiiM 
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an  the  B&miaelib«ig  mine,  near  Oodu,  in  tlia  Han ;  Fahlnn  in  Sireden ;  at  Puts  mine, 
Anglesey ;  at  Tsrion*  mines  in  Co.  of  Wioklow ;  Bio  Tiato  mine,  Bpein.  Fonnd  dt  tbc 
Hiwaans  copper  mine,  and  otiier  aiDes,  In  Folk  Oa,  Tennemee  ;  at  the  Oanton  mine,  6«oq:ia; 
at  Oopiapo,  Chill,  with  etyptiuite. 

When  parified  It  is  einplo;ed  in  d;eing  operatione,  and  In  the  printing  of  ootton  and  lisen, 
and  for  various  other  purposat  in  the  arte.  It  ie  manofactored  moatiy  from  old  sheathing^, 
oopper  trimmings,  and  re&neiy  icaleo. 

Other  TitriolH  are ; — Hblantebitb,  iron  vitriol ;  PisufiTB,  lion^oopper  vitriol ;  CkiHLAK- 
1TB.  dno  vitriol;  Bjebsbitk,  cobalt  vitriol ;  Uubknositb,  niokel  vitriol 'Odpromaokebitb, 
oopper-magneeiam  vitriol  ITeaavioe).  These  ore  all  alike  tu  oontainlng  7  moleoulee  of  wotca 
of  QTf  stalluation. 

Alttnosen  (Haaraali,  Gffm.), — A13,Oit+18aq=BiilphaitrioxIdeS3'0,  alDminalO'4,  watM 
48-6^100.     Taste  like  that  of  almn.     Veanvins;  KonlAberK,  Hnngary. 

CoQulXBrTB.—FeS|Oii+Saq= Sulphur  tnoxlde  43-7,  iron  seaqniozide  2S-0,  water  S8'8= 
IW.     Ooquimbo,  Chili. 

BTTBmaiTK  (£«Amann).— AnalTtis,  SO.  10'64,  AID.  7-71),  CaO  37-27,  H^O  4S'83.  In  hez». 
gonal  Medle-like  aTstals  from  the  lava  at  Ettring^n,  Loaoher  Hoa 

Aium  and  HalatnehiU  Orvupt. 

Here  belong :  TscmBiniinB,  ammonlnm  alnm.  Ealinitb,  potaaslnin  alain,  or  oomraon 
atom.  MfrauoziTU,  aodiam  alnni.  PlCEBmNOrrB,  maKnesiam  alam,  Apjoonitb,  man- 
ganese alum.  BoSJBMAitMrTB,  mangano-magneeiiun  alnm.  Halotbicbitb,  iron  alnm. 
Also  BOMBftiTX,  and  TOLTAITB. 


OOFIAPTTB. 

Hexagonal  (1).  Looee  M;gregation  of  cryBtalline  scales,  or  granular  miiseiTe, 
the  Buales  rliMiubiu  or  Cexagonal  tables.  Cleavage :  basal,  poi-fect  Id- 
cmsting. 

II.=l-5,  G.=2-14,  Borcher.  Lostre  pearly.  Color  aulpliup-yellow, 
citron-yellow.     TransliiceiiL 

Oomp.-J'e.a.O,,  +  IBaq  ;  sEcS.O,,  +  H.EeO.  +  8aH,0  =  Sulphur  trioxide  41-9,  iron 
sesquioiide  339,  water  24-o  =  100. 

Pyr.,  ato Yielde  water,  and  at  a  higher  tempeiatore  nilphnrio  aold.  On  ohaiooal  be- 
comes magnetic,  and  witli  aoda  affords  the  reaction  for  snlphnr.  With  the  flozea  reactions 
for  iron.    In  water  insoluble. 

Obs.— Common  as  a  reaolt  of  the  decomposition  of  pyrite  at  the  Bkmmelsberg  mine,  neai 
Qoelar  in  the  Han,  and  elaewhere. 

This  species  is  the  vellow  oopperaa  long  called  misf ,  and  it  might  well  bear  now  tbe  name 
Minj/tite. 

Baimokditb— Compoeition   Fe,3|Oi.+7aq.     Fibbofrrbite   (styptjcite}.— Compoeltitn 
FeB.O,  +  10aq. 
>     BoTHToosn  Is  red  Iron  vitriol,  exact  oompodtion  uncertain.     Fahlon,  Sweden.     Babtho- 
LourrE.  West  Indies,  is  related. 

luLKiTE. — Fe  SiOii+13aq.  Ooonrs  as  a  yellow  efSoreaoenoe  hi  gtaphite  from  Hugran, 
Bohemia  {Sehravf). 


AIiUBUN  i'i'AJ. 


ItcDifomi,  tnaasive ;  impalpable. 

H.=l-2.      ti.=l-66.      Lustre   dull,   eartby.      Color  white.      Opaqiia 
Fracture  earthy.     Adhei-es  to  the  tcugue ;  meagre  to  the  tnncli 
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Ooinp^~AlSOi+9mq=Sii1phiiTtiJoxidea8'3,  klnmliiB 398,  WBter47-0=100. 
Ffr^  ato. — In  Uie  ^oeed  tabe  gireH  much  water,  which,  at  a  high  tempentaiie,  bNomM 
wid  from  the  evalutioii  of  anlpharous  and  snlphorio  oxide*.     B.B.  infunhle.     WitlioobaU 

(olatLoa  a  fine  blue  ooloi.     With  soda  on  charcoal  a  hepatic  nuue.     Solahle  in  scidi. 

Ofaa. — OocQTB  in  connection  with  beds  of  clay  in  the  Tertiaiy  and  Post-tertiaiyfonoatioiw. 
Found  near  Halle  ;  at  Newhaven,  Siuaex  ;  Epemay,  in  Lunel  Vieil,  and  Anteuil,  in  France 

Wekthbuaj^itr.— AISOi  +8aq.     Q.  =260.     Occai« Dvar'Chaohapoya*,  in  Peru. 

A1.UNITK,  Alaunstein.  6?rm.— Gompoeition  K,A1.3iO,i4-0aq.  Ehombohedral.  AIm 
maBsive,  flbrono.  Forms  geams  in  tiachyttt  and  allied  lookB.  Tolfa,  near  &ome  ;  ToBCan;; 
Enngarj ;  Ut.  Dore,  FtEtnoe,  etc. 

LiiwiQiTB. — Same  oompositian  ks  alnnite,  bnt  oontnina  3  parts  more  of  water.     Talvia, 


UNASTTIL    Bleilamr,  Knpferbleiipath,  Germ. 

Monoclinio.     C?=  77°  27' ;  /A  7,  over  U,  =  61°  36',   0  A 14  =  141°  5', 
c:b:d  =  0-48134  :  06&19  :  1,  Heesenberg.     Twina: 
"°  twiiiniiig-plane    i-i    common  ;     0  hO'  =■  154°    54'. 

Cleavage :  i-i  very  peifect ;   0  less  so. 

li.=2o.  G.=5.3-5'45.  Lustre  vitreous  or  ada- 
mantine. Color  deep  azure-blue.  Streak  pale  blue. 
TraiiBluteiit.     Fracture  coiinhoidal.     llrittle. 

Oomp.— PbOuSO,+ui=(Pb.CQ)8O,  +  H,(Pb,Cn}Oi-Snlphui:tiioiide20'0,leadDxidB5B7, 
oopper  oxide  10  S,  water  i'S^IOO. 

Pyr.,  etc.^^In  the  dosed  tube  yields  water  and  loiea  its  bine  color.  B.B.  on  ehoroool  fuBea 
oaailj  to  a  peatl,  and  in  R.F,  is  redaced  to  a  metallic  g-lobulo  which  by  continaed  treatment 
ooate  the  coal  with  lead  oxide,  and  if  fused  boron  trioxide  is  added  yields  a  pnre  globule  of 
oopper  With  aoda  gives  the  reaoLion  for  aolphur.  Decomposed  with  nitrio  acid,  leaviiig  • 
white  residue  of  lead  sulphate. 

Obi.— Formerly  found  at  LeadbilU.  Oocun  at  Boughten Qill,  Bed  Gill,  etc.,  in  Cumber- 
land; near  Schneebenc.  rare;  in  Dillenburg;  atBet^banja;  in  NertadjiDsk ;  and  neat  Bereaof 
in  the  Uial ;  and  supposed  formerly  to  be  foand  at  Lioaies  in  Spain,  whence  the  name. 

BROOHAimTII. 

Monoclinie.  0=8d°27i'.  7A/^104''6f,  O  A  1-i  =  154°  ISJ' ;  i: 
l:d  =  0-61983  : 1-28243  : 1.  Schrauf  distinguishes  four  types  of  forma : 
I.  Brochantite  from  Ketzbanja  (two  varieties),  also  from  Cornwall  and 
KuHsia,  tricliuic;  II,  Warrin-t/toniie  from  Cornwall,  a  third  variety  from 
Itetzbanya,  monoclinie {?);  Ill,  Brocbantite  from  Nisclme-Tagiisk,  inono- 
cliiiio — tricliuic ;  IT.  Konigirie  from  Russia,  and  a  fourtb  variety  from  I^tz- 
banya,  monoclinie  (or  orCborlionibic). 

Also  in  gi-oups  of  aeieular  ciyatals  and  drnsy  crnsts.  Cleavage :  t-i  very 
perfect;  X  in  traces.     Also  massive;  reniform  with  a  columnar  structure. 

n.=3  5-4.  G.  =  3-78-3-87,  Magnus;  3-9069,  G.  Rose.  Lustre  vitreous; 
a  little  poarly  on  the  cleavage-face.  Color  emerald-green,  blackish -green. 
Streak  paler  green.     Transparent — translucent. 

Oomp.— Ou,SO,  +  3H,p=CuaO.  +  SH5CuOi-8iilphur  ttioiido  17-7t,  copper  oxide  70-34, 
water  lli)S  =  100.  This  formula  belongs  to  type  IV,,  above;  the  wamngtonite  coirespondi 
more  ne:irly  to  CuS04-h!injCuO.-rHiO,  and  the  existence  of  other  varieties  has  been  olao 
assumed. 

Pyr.,  etc. — Yields  water,  and  at  a  higher  temperature  snlphuria  acid,  in  tfae  doaed  tnbe, 
■ad  becomes  block.  B,  B.  foses,  and  on  oharcoal  affords  metallic  copper.  With  aoda  givea 
the  leaatioa  for  snlphorli)  acid. 
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Cbi.— Oomin  ftt  ChunetcJieTak  and  maoIme-TeigilBk  in  the  TJnl ;  the  EJSnIglne  [ot  ^niffUet 
WM  tcom  QumeaoheTBk :  near  Roogbton  Qill,  in  Comberluid  •  in  Cornwall  (in  part  lairrtng- 
tenitt) ;  at  Hetzbanya ;  m  Nassau ;  at  Krisavig  in  Iceland  {kruvviffiU) ;  in  Mezioo  (frron^nur* 
lin«] ;  in  Chili,  at  Andacollo  ;  in  Australia. 

Named  after  Brodumt  de  Villi  en. 

Lakqitb. — CnSO,  +  3HiCuOi-)-2aq.  In  crystalB  and  oonoretlonax;  onuta  of  a  blew  oolot. 
G.=8B.     Cornwall. 

Ctanotbichitk,  LetUomite.  Enpfersammterz,  Germ. — In  velvety  dmeea.  Color  Uuo. 
A  hydmos  sulphate  ot  oopper  and  aluminnm.  Holdava  in  the  Banat.  Woodwahditb,  near 
the  above. 

KsiiNXiTK— CnS04  +  NB,SOi  +  2iiq=Copper  Bolphate 472,  aodinm  sulphate  421,  water 
I07=100.  In  inegnlar  orystajline  maaeea  of  a  ooarae  flbcon*  straoture,  prieinatia  Color 
axnre-blne.  Moist  to  the  t^noh.  Fonnd  in  Uie  ooppei  minesnear  Oalama,  Bolivia.  {Dtmtvto.) 

Fhillipite.— CnaO,+PeSiOi,+naq.  In  irregular  flbrons  ma«sea,  not  pnemati&  Goloi 
bine.     In  the  Cordilleras  of  Condea,  Santiago,  Chili     [Ihmef/ko.) 

E.1TBITE.— OocoTB  in  Etalaotitio  forms  in  a  cave.  H.=2-2*4  Q.=1'50.  Color blmah- 
green.  B.B.  infumble.  Analysis:  SOi  812,  MO,  Q9HS,  CnO  16-01,  CaO  185,  H^O  SS'^. 
SiO,  3'40,  CO,  I'OS=100.     Near  St.  Agnee,  Cornwall     (CUtfrw,  Hin   Mag.,  1.  p.  14.) 

CiuNiuii-BniirHATEB. — There  are  included  here>oAii7in^,uranA)A(i[iidd,  mt^dUt.tSpptUt, 
toytianiu,  waeoniia.     These  are  Mcocduy  products  fonnd  with  other  nnnJnm  minerals  at 


Tbllubateb. 


HORTAKITB. 


InerDfltiog;  withont  dietinct  ciTBtalline  etmcture. 
Soft  and  earthy.    Lnatre    dull    to  waxy.    Color  yellowish  to  white. 
Ofiaqae, 

Oomp. — Bi|TeO.+3aq=T<iIlntinm  triozide  26-1,  blamntli  oxide  68-6,  water  S'S=10D. 
Pyr.,  ato. — Yields  water  in  a  tnbe  when  heated.     B.B.  gives  the  reactions  of  blaranlh  and 
ktUnimm.    Solnble  in  dilate  liTdzoohloria  add. 
OTiMi     fmiMUla  tetfa^mtta,  at  Highland,  in  MoDtana :  0avidaoD  Oo. ,  N.  CL 
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7.  CARBONATES. 

AjniTDBoim  Cabbonateb. 

Cdhita  Oroup. 

OAXiOITB.  Oak  Spu.    KaUnpaUi,  Owm. 

Rhombohedral.    ^A^,  terminal,  =  lOB"  5',  £?A^=135'' 
■>86*8.    Cleavage :  R  highly  perfect 


V',i^ 


Term.  Edge. 
i(-})        1.10=     2 

4(-4i      isi"  sr 


AMGLBB  of  RBOHBOHBDItOHI. 

OhB  Term.  Edga 
-)        98°  88' 
8(-8)       78"  81' 
4(-4)       65-  60" 


AltOLEH  OF 

SCALENoaBDKOKS. 

Bdge  X  (1,  734). 

Y.                Z. 

BdgeX. 

Y. 

Z. 

188*    5' 

1M°  84'        84-  64' 

!■ 

130°  ST 

164-    1' 

87°  41' 

128^  16' 

146'  10'       90'  SO 

~v 

107°  88' 

145°  18' 

134' 88' 

lOi"  88' 

144°  34'      183°  S8' 

:i: 

117°  28' 

148=  -18' 

108°  80' 

100°    1' 

184°  38'      180°  44' 

S3°    8' 

158°  16' 

US*  It 

raCTOBH  OCWFOUMIie. — (UKBCnTATXB. 


vertical 
tie 
(5)1 


Twiiu:  (1)  Twinninjj-plane  basal  (or  parallel  to  O).  (2)  S,  the  vertii 
■xeB  of  the  two  forms  nearly  at  right  angles.  (3)  —2^.  (4^  — J^,  t 
vertical  axes  of  the  two  forms  inclined  to  one  auomer  127°  34 .  (5)  Fi 
matio  plane  i-%     (6)  plane  i  (see  p.  95). 

Also  fibrous,  both  coarse  and  fine;  aonietimea  lamellar ;  often  ?rannlar ; 
from  coarse  to  impalpable,  and  compact  to  earthj.  Also  etalactitic,  tube- 
rose, nodular,  and  other  imitative  forms. 

H.=2'B-3-5  ;  some  earthy  kinds  (ubalk,  etc.)  1.  G.=2'508-2-778 ;  pare 
w'BtalB,  2-72 13-2-7234,  Bend.  Lnatre  vitreous — subvitreous— earthy.  Color 
'vhite  or  colorless ;  also  various  pale  shades  of  gray,  red,  green,  bine,  violet, 
vellow;  also  brown  and  black  when  impnre.  Streak  white  or  grayinh. 
Transparent — opaqne.  Fracture  usually  conchoidal,  but  obtained  with 
difficiuty  when  the  specimen  ia  ciystallizcd.    Doable  refraction  strong. 


Oomp~  TW'— Cftloite  Ii  caldum  carbonate,  CaCOi=0arboti  diozldfl  4t,  Umo  S9  =  100, 
Part  of  the  caldam  ia  someCtniea  replnopd  b;  magneBinm,  iron,  or  nungkiiMe,  mora  nurelj  bj 
utrDntfiun,  barlnm,  lino,  or  lead. 

The  THietioa  are  reij  Dnmeronii,  and  divarM  in  tppeKanoe.  They  depend  mdnlj  on  tba 
foUowfng  polnta ;  (1)  diflerenoea  Inoiyttallizationi  (2)  in  BtraotDial  oondition,  the  estremei 
being  perfeat  ai;«t«lB  uid  earthj  massive  forms ;  (8)  In  color,  dlaphanei^,  odor  on  frintion, 
dne  to  impnilties;  (4}  in  modes  of  orij[in. 

1.  CrytUtOiud.  CrjstalssndarjstallliedraaBsesaSoideasiljcleaTaKerhoiabohedion*;  and 
when  transparent  the;  areoalled  leditad  Spar,  and  also  DouHy-tlfraeting  Spar  [DoppeU- 
path,  derm.). 

The  ot7atala  var;  in  proportions  front  broad  tabalar  to  modaiatel;  riender  adoular,  and 
takeagreat  diverri^of  farms.  Bat  the  extreme  kin4a  so  pa«a  intoone  another  through  thoM 
that  are  Intermediate  that  no  satlsfBator;  olasalBcation  is  possible.  Man?  are  stout  or  ihtMrt 
la  ihaiM  beoaaii  normatly  ao.     Bat  other  fonni  that  an  long  tapwinc  in  theii  foU  denlop 
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forma  ;  and  thus  the  crfstala  havinfr  enHentiall7  the  samn  oombinations  of  planea  varj  greatlj 
is  sbape.     The  acute  ecalenohedrons  like  f.  734,  are  called  dog-iooth  tpar. 

Fontain^eau  UinfttoM.  CryataU  of  the  form  in  t.  719c,  from  Fontaineblean  and  Nen.onra, 
Franoe,  contiinmg  a  large  amount  of  saad.  aome  50  to  63  p.  o.  Similar  sandstone  ccys- 
tala  occur  at  yiuTrin)^,  near  Yientta,  and  elsewhere.  Faeudomorpbous  acalenohedcous  of  saod- 
■tone,  after  caloite,  are  tonnd  near  Heidelberg'. 

Sttin  Spar;  fine  fibrona,  wii,h  a  ajlkj  lustre.  BeuiubleB  Sbione  gjjmaia.  which  ia  alao 
called  eatio  spar,  bnt  is  nmch  harder  and  effervesces  with  adds.  Argentine  {Sc/tufertpal/t), 
apeaitf  tamellor  caloite,  the  lamella  more  or  less  undulating  ;colorffhilfl, grayish,  jellowiah, 
or  reddish.  Ap/irile,  in  ite  harder  and  more  sparcj  voriet;  [Sehaunupntfi)  is  a  foliated  white 
pearly  oolcite,  near  acgeutine ;  in  its  softer  kinds  {SeAnavterih,  SSTcry  Chalk,  Eevme  dt  Tern 
H.)  it  approaches  ch^,  thoogh  lig-hter,  pearl;  in  lustre,  silTery-white  or  yeUowtah  in  color, 
■oft  and  greasy  to  the  tonch,  and  more  or  lesn  seal;  in  struotnre. 

S.  Masate  Variettei.  OTanuljiTU'netfme(_S^echaraidat limestone,  aonamedbecanoelikeloaf- 
■agar  in  fracture).  The  texture  varies  from  qoite  coarse  to  very  flue  granular,  and  the  Uttei 
paase*  by  imperceptible  shadea  into  compact  limestone.  The  colors  are  vatioue,  as  white, 
yellow,  reddiah,  green,  and  osnally  they  are  clouded  and  give  it  handsome  effect  when  the 
material  is  polished.  When  such  limestones  are  lit  tor  potiehtng',  or  lor  architectural  or  orna- 
mental Dse,  they  are  called  rruirhlea.  Statunrff  marble  ia  pure  white,  flne  grained,  and  firm 
in  texture.  Hard  eompact  limestone,  varies  from  nearly  pure  white,  through  grayish,  diab, 
bnff,  yellowish,  and  reddish  shadea,  to  bluish -gray,  dark  brownish -gray,  and  blnck.  and  is  pome- 
times  varioa6ly  Veined.  The  colors  dull,  excepting  ochre-yellow  and  ochro-red  vaiietiea. 
Many  kinds  moke  beautiful  marble  when  polished. 

SAeS-marble  includes  kinds  conaisting  lorguly  of  fossil  ahells.  Buin-marble ie n]imA  of  oom- 
paot  calcareous  marl,  showing,  when  .polished,  pictures  of  fortifications,  temples,  etc..  in  mina, 
due  to  iuGltiation  of  oxide  of  iron.  LUhngrojiIUc  elone  is  a  very  even  grained  compact  lime- 
stone, nsuoily  of  buff  or  drab  color ;  as  that  of  Solenhofen.  Brteda  marble  ia  made  of  fra|^ 
ments  of  limestone  cemented  together,  aud  is  often  very  beautiful  when  the  fragnienta  are  of 
different  colors,  or  are  imbedded  in  a  base  that  oontiaste  well.  The  colora  are  very  varions. 
Piubting  atone  marble  consists  of  pebblee  or  rounded  ntonea  cemented.  It  is  often  called, 
improperly,  breccia  marble. 

ByarauUe  limestone  a  an  impure  limestone.  The  varieties  in  the  United  States  contain  20 
to  40  p.  a.  of  magnesia,  and  12  to  30  p.  a  of  silica  and  alumina. 

Soft  eompact  Umatone.  Chalk  ia  white,  grayish -white,  or  yellowish,  and  soft  enough  to 
leave  a  trace  on  a  board.  The  consolidation  into  a  rock  of  enoh  aoftneag  ma;  be  owing  to  the 
fact  that  the  material  is  largely  the  hollow  ahells  of  rhiiopoda.  OiUtareoue  mari  (Mergel- 
kalk,  Qerm. )  is  a  soft  earthy  deposit,  often  hardly  at  all  consolidated,  with  or  without  dJe- 
tduot  fragments  of  ahella ;   it  generally  ooutalns  much  day,  and  graduates  into  a  oaloareonB 

Conoretiotutrg  mauke.  Odiile  (Bog«Dstein,  Germ.)  is  a  grtuinlat  limestone,  bat  its  gtmina 
are  minnte  rounded  concretionB,  looking  somewhat  like  the  roe  of  a  flah.  the  name  coming 
from  'uof,  egg.  It  occurs  among  all  tho  geological  formation*,  from  the  Lower  Silnrlao  to 
tlie  moat  reoeut,  and  it  ia  now  forming  about  Uie  ooral  reefs  of  Florida  PieaUte  (Erbeentein, 
Oenn.)  oonsiets  of  concretions  as  large  often  as  a  small  pea,  or  even  larger,  Che  concretions 
having  nsually  a  distinct  conoentric  structure.  It  iB  formed  in  large  mosses  in  the  vicinity  of 
the  Hot  Springs  at  Carlsbad  In  Bohemia. 

DepoiitedfTom  ixdeareoua  tpring;  ttrenme,  or  in  oavemt,  etc.  (a)  Stnlaetitee  ore  the  calcareooa 
cylinders  or  cones  that  hang  frooi  the  roofs  of  limeetone  caverns,  aud  which  ore  formed  from 
the  wat«m  that  drip  through  the  rooF ;  these  waters  hold  some  calcium  bicarbonate  in  solu- 
tion, and  leave  calcium  carbonate  to  form  the  stalactite  when  evaporation  takes  place.  Su- 
lactiten  vai;  from  transparent  to  nearly  opaque ;  from  a  granular  cryatalline  structure  to  a 
radiating  fibrous ;  from  a  white  color  and  oolorlesa  to  yellowish-gray  aud  brown.  (6)  Btaiag- 
viite  ia  the  some  material  covering  the  floore  of  cavema,*it  being  made  from  the  waters  that 
drop  (rem  the  roofs,  or  from  sources  over  the  bottom  or  sides ;  cones  of  it  sometimes  rise  from 
the  floor  to  meet  the  atalaotitee  above. 

(«)  Gak-tinter.  TratertiM,  Oaie  Tufa.  Travertine  (Confetlo  di  TicoU)  is  of  easentially  tha 
•ame  origin  with  stalagmite,  but  is  distinctively  a  deposit  from  springs  or  rivets,  especially 
where  in  large  deposits,  as  along  the  river  Anio,  at  Tivoli,  near  Rome,  where  the  deposit  ia 
•cores  of  feet  in  thioknesa.  It  haa  a  very  cavernous  and  irregularly  banded  structure,  owing 
to  its  mode  of  formation. 
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{i)  Roe/6-mtal  {BergmM,  Qerm.)  is  wMte  nnd  light,  like  oottoo,  b«oom]iif  »  powder  on  tba 
tli^kteat  preamre.  It  ia  on  effloieaoenoe,  ruid  is  common  near  Foiii,  eapeciail;  kt  tbe  qnuriei 
of  If  Kutetre. 

P7T.,  stc. — In  the  oloaed  Cube  BomeLunea  decrepitatei,  ftnd,  if  oonbuning'  metelUo  imdeB, 
ma;  chiuig;«  ita  color.  B.B.  inlusible,  but  becomec  cauitia,  glowa.  Knd  ooloca  the  fltiiue  led 
after  ignition  the  assay  reacts  alkaline ;  moistenad  with  hydrochloric  acid  imparts  the  obano- 
teriiitia  lime  color  to  the  tluiie.  In  bortu:  diBBolveB  with  etEeiveacenoe,  Kid  if  Batnrated, 
yielda  on  cooling  oa  opaque,  milk-whlte,  cryatalline  bead.  Tarietiea  oontaiuing  metallio 
ozidea  color  the  borax  and  salt  of  phosphoras  beads  accordingly.  With  aoda  on  platiaom  foil 
fiuKU  to  a  dear  maee ;  oa  charcoal  it  at  flist  f oses,  but  later  the  aoda  is  absorbed  by  the  ooal, 
leaving  an  infusible  and  strongl;  luminous  residue  of  lime.  In  the  solid  masa  efferveeoea 
when  moistened  with  hydrochloric  acid,  and  frogmeuts  dissolve  with  brisk  eServesoenoe  even 
iu  oold  acid. 

DIS. — DIstineniBhingcharacters:  perfect rhombohedml cleavage j  Boftueas, canbeacratohed 
with  a  knife  ;  effarvescence  iu  cold  dilute  acid ;  infuslttihty.  Less  hard  and  of  lower  spacifia 
gravity  than  amgonite. 

Obs — Andreasberg  in  the  Han  is  one  of  the  best  European  localities  of  crystallized  caldte ; 
there  are  other  localitiea  ia  the  Tyrol,  Styiia,  Corintbia,  Huugaiy,  Saxony.  Hesse  Dormstadi 
(at  Anerboch),  Hesse  Cassel,  Norway,  France,  and  in  England  in  Derbyshire,  Combeiland, 
Comwall ;    Scotluod ;  In  Iceland. 

In  the  U.  States  prominent  localities  are  ;  in  2f.  Tori,  in  St.  Lawrence  and  Jefferson  Cos., 
espeoially  at  the  Eosaie  lead  mine  ;  in  Antwerp;  ^ag-tooth  tpar,  in  Niagara  Co.,  near  Lock- 
port  ;  near  Booneville,  Oneida  Go.  ;  at  Anthony's  Nose,  on  the  Hudson ;  at  Wateitown, 
Agaric  Tniiieral;  at  Schoharie,  flue  ttaiaetiUa  in  many  cavema.  In  Conn.,  at  the  lend 
lUddletowQ  ia  If.  Jartry,  at  Bergen.  In  Virginia,  at  the  celebrated  Wier'g  cave,  (tajoetiitM 
of  great  beanty;  also  in  the  large  cave*  of  Katlueky.  At  the  Lake  Saperior  copper  minea, 
splendid  crystals  often  containing  scales  of  native  copper.  At  Warsaw,  lltinoit ;  at  Qninc^, 
ia.;  at  Haile  Qreen,  Wi*.     In  Nova  Scotia,  at  Partridge  L 
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Rhombohedral.      R^R  =  \.m''  15',     OAT?  =  136°   8i';    ^  =  0-8322. 
RhR  varies  between  106°  10'  aud  106°  20'.  Cleavage : 
R  perfect.      Faces  H  often   curved,   and   Bouoiidary  ''84 

planes  usually  with  liomontal  strije.  Twins:  Biinilar 
to  f.  733.  Also  in  imitative  shapes;  also  ainorphons, 
gi-atiiiiar,  cuarse  or  fine,  and  grains  often  slightly 
coherent. 

n.=3-5-4.  G.  =  2-8-2'9,  true  dolomite.  Lustre  vit- 
reous, inclining  to  pearly  in  some  varieties.  Color  wliite,  reddish,  or  green- 
isli-wiiite ;  also  rose-red,  greeu,  brown,  gi'ay,  and  black.  Subtranspai'ent  to 
translucent.     Brittle. 

Oomp.,  Tar.— (Ca,Mg)CO,,  the  ralio  of  Ca  ;  Hg  !n  normal  or  true  dolomite  is  1  :  l=CaI- 
cdum  carbonate  Q4'30,  magneaium  carbonate  45110.  Seme  kinds  inoluded  under  the  name 
have  other  proportions  ;  bnt  this  may  arise  from  their  being  mixtnresof  dolomite  withoaldte 
or  magueaite.     Iron,  maogBuese,  and  more  rarely  cobalt  or  zinc  ore  gometimes  present. 

The  varieties  are  the  foJiowiog : 

Crj/itaUiztd.  J'earl  ipar  includes  rhombohedral  oryatallisations  with  curved  faces.  Cdtitm- 
nar  or  fibrous.  Ornattiar  conBtitutes  many  ot  the  kinds  at  white  statiuu^  marble,  and  white 
and  colored  arcbitectural  marbles,  names  of  M)meoI  which  have  been  mentioned  under  calcita. 

Compact  m-uttioe,  like  ordinary  limestoue.  Many  oF  the  limestone  strata  of  the  globs  are 
here  included,  and  much  hydraulie  ii/neitoiie,  notii:ed  nnder  culcite. 

Ferriferous  ;  Brown  i^r,  in  part.  Contains  iron,  and  as  the  proportion  increasee  it  gradu- 
ates into  ankcrite  (q.  v.).  The  color  is  white  to  brown,  and  becomes  brownish  on  ezposnn 
through  oxidation  of  the  iron.  Manganiferoua.  Colorlees  to  flesh-red,  iiA £=100°  23'- 
10*'  10'.     CobaWftroii*.    Colored  reddish  ;  G.=a9ai,  Gibba. 

The  varieties  based  on  variations  in  the  pioportions  of  the  carbonates  ore  the  foUowiiv: 
in)  Normai  dnloiniu,  ratio  of  Ca  to  Mg  =  l  :  1,  {b)  ratio  l*  :  1=3  ;  2;  ratio=2  ;  1:  ratio  8  : 
1;  Eatio=:5  i  1  :  ratio  1  ;  3.  ThelMt  (/)  mMbedolomitiomagnesite;  and  1^  qu^ra.,  tron 
26  -^■■V-nriJ. 


DBBOBIFnVB  HIKEBAIOGT. 


Vyr.,  etc. — B.B.  acta  like  oaloite,  bnt  does  notglve  k  clear  maaa  irhen  fused  with  todk  oa 

ulatlnutii  foiL  Fragments  thrown  into  ootd  aoid  ore  ferj  elowlj  acted  nooir;  while  in  powder 
In  warm  acid  the  mineral  ia  readily  diasolvsd  with  Bflerreaoeace.  Tlie  ferriferous  dolomite* 
beoome  brown  on  ezposnra. 

tXB, — Kenembles  oalcite,  bnt  ipeneiBllj  to  bo  diatini^iahed  in  Uiat  it  doee  not  efferresM 
leadilj  in  the  maag  in  cold  aoid. 

Oba. — UaaaiTe  dolomite  Donatitutes  extensive  etrata,  called  limeBtone  atmta,  in  rarioot 
ngiotiB.  Cr^Htalline  end  com|>act  Tarieties  are  often  aosooiated  with  aerpentine  and  other 
magneaiui  rooks,  and  with  oriiinarr  limeatones.  Some  ot  the  prculneat  locolitiee  are  at  Sali- 
bnrgi  the  TjtoI  ;  Schemnitz  in  Hunfrary ;  Eapnik  iu  Transylraiiia ;  Freiberg  in  Saxony; 
the  lead  minee  at  Aliiton  in  Derbjahlre,  etc. 

In  the  U.  States,  in  Vernuml,  at  Boibnry.  In  Rhode  lAand,  at  Smithfield.  In  K,  Jentf/, 
at  Hoboken.  In  N.  York,  at  X^ookport,  Niagara  Falls,  and  Eocheater  ;  also  ati  Qlenn'a  Fal^, 
in  Bichmond  Co.,  and  at  the  Pariah  ore  bed,  St.  Lawrence  Co.;  at  Brewater,  Putnam  Co. 

Named  after  Dolomien,  who  annonnced  acme  of  the  marked  oharaoteriatice  of  the  K-ck  in 
1791 — its  not  eSerreaciiis  with  aoida,  while  burning  like  limeatooe,  and  ita  ■olnbilitr  after 
heating  in  adda. 


AMIEBBITB. 

Ehombohedral,  Rt\R  r=  106°  7',  Zepharovich.  AIbo  crjBtalline  iiiaa- 
Bive,  coarse  or  fine  gmimlar,  and  compact. 

H,=3'5-4.  G.=2'95-3-l.  Lusti*  vitreous  to  pearly.  Color  white,  gray, 
reddieli.     Traneliiceiit  to  Bubtmnaluueiit. 

Oomp. — CaOOi  -f  FnCOi+«(CaHgCiOi).  Here,  according  to  Borickj',  id  maj  hare  the  Talnea 
f 1 1<  3i  fi  1,  St  S>  ^  6,  10.  The  varieties  having  the  five  higher  valnes  ot  x  he  oalla  paran- 
lUriu,  while  the  otbera  are  normal  aTikeriU,  If  ir=l,  the  formula  ia  equivalent  to  2CaC0>-l- 
HgCOi+FeCOi.  and  leqnicea:  Caloiam  oaibonate  SI),  magnesium  carbODate  21,  iron  oarbon- 
ata  20=100.     Manganese  is  also  sometimes  present. 

Pyr.,  etc. — B.B.  like  dolomite,  hot  darkens  in  color,  and  on  charcoal  beoomes  blaok  and 
magnetic ;  with  the  fluxes  reacts  for  iron  and  manganese.     Soluble  with  eServesoanoe  in  the 

Obi. — Oooon  with  sidente  at  the  Syrian  mines ;  in  Boheroia)  Site^n ;  Schneebeig ;  Nova 
Scotia,  etc. 


HAaNEBITB. 

Rhombohearal.  ^  A  7?  =  107"  29',  OAji^lSQ"  56';  <!  =  0-8095. 
Cleavage:  rhomboliedral,  perfect.  Also  massive;  grannlar,  to  very  com- 
pact. 

H.=3-5-4'5.  Or.=S-S-08,  cryst. ;  2-8,  earthy;  8-3-2,  when  ferriferons. 
Lustre  vitreous ;  fibrous  varieties  sometimes  silky.  Color  white,  yellowish 
or  grayish-white,  brown.     Transpai-ent — opaque.     Fracture  flat  conchoidai. 

Var. — Ferriferwu,  BrsitneriU;  oontaining  several  p.  o.  of  iron  protoiide;  G.=:9-3'S; 
white,  yellowish,  broi^uish,  rarely  black  and  Intuminous;  often  becoming  brown  onezposDre, 
end  henoe  called  Brmen  Spar. 

Oomp. — MogneHium  caibonnte,  HgCOi^Carbou  dioxide  92  4,  magnesia  4'i '6  =  100;  bnt  iron 
often  replacing  soma  magnesium. 

Pyr.,  etc.— B.  K.  resembles  ealcite  and  dolomite,  and  like  the  latter  ia  bnt  slightly  acted 
npon  bj  oold  acida  ;  in  powder  Is  readily  disaolved  with  eSerreecence  in  wunn  hydrochloric 

b,  serpentine,  and  other  niaguesian  rooka;  at  veins  In  aerpoi- 

fa  it  BO  as  to  form  a  variety  <it  Tenl-onticiiie  maiUe  {m^pfiffifi^^elUe  of 
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Bunt)-  alMiaOkOada,  aaaToak,n)OTeoTlesBpnzB,  asBodatad  witlistieBtite,MtpMitine,Hid 

dolomite. 

OconTi  at  HmbschtitE  in  Moravia ;  in  StTria,  nud  In  the  Tjio\:  at  Franketuiteiii  in  SUetia ; 
Snanim,  Norway  ;  Baadisnero  and  CaslellamoDte  in  Piedmont.    In  Amerioa,  at  Bolton,  Mass. ; 

at  BorehUls,  near  Baltimore,  Md.  ;  in  Penn.,  at  West  Goshen,  Chester  Co.  ;  near  Texas,  Lan> 
caster  Co.  ;  California. 

Hesitite  and  Fihtoukstte  oome  under  the  general  lonnnia  (Mg;,Fe)00i ;  with  the  formoi 
Mg  :  Fa=2  ;  1 ;  with  the  Uttei=I  :  1. 

);^       SIDBBJTB.     Spathio  Iron.     Chalybite.  Gisenspatb,  Gtrm. 
Khoalbohedrhl.     II A  Ji  =  107°,  0  A  li  =  136°  37' ;   ^  =  0-81715.     Tke 
faces  of  ten  curved,  as  below.     Cleavage:  rhoiti- 
bohedral, perfect.   Twins;  twiiming-plane  — i.  785 

Also  in  botryoidal  and  globular  forms,  siib- 
fibrotis  witliiii,  occaei  oil  ally  Eilky  fibrous.  Often 
cieavable  massive,  with  cleavage  planes  undu- 
lating.    Ooai-se  or  fine  granular. 

H.=3-5-4-5.  G.=3-7-3-9.  Lustifl  vitreous, 
1001*6  or  less  pearly.  Streak  white.  Color  ash- 
gray,  yellowish-gray,  greenish-gray,  also  brown 
and  bi'ownish-red,  rarely  green ;  and  sometitnes 
white.  Translucent — Bubtranslucent.  Fracture 
uneven.     Brittle. 

Oomp.,  Tar — Iron  oaibonate,FeCOi=Car1]on  dioxide  379,  iron  protoxide  03'1.  Bnt  part 
of  tjie  iion  nanall^  replaced  bj  manKanese,  and  orten  b;  magnesiiun  or  oalcinm.  Soma 
varieties  contain  8-10  p.  c.  MnO. 

The  principal  varieties  are  the  foUowing: 

(1)  OrdiTuirg.  {a)  VryAtoUued.  (i)  CBneretiimars=Spherfmdmii6 ;  in  globular  concretiona, 
eiUier  solid  or  concentrio  acaJj.  with  nsaally  a  fibrous  stmctnre.  (e)  Oranvlar  U>  eompaet  nuu* 
live,  {dj  OOlitie,  lifce  oolitic  limestone  in  Btmctnre.  («)  Earthy,  or  sUiiif ,  impure  from 
mixture  wich  clay  or  aond,  constituting  a  large  part  of  the  clay  iron-stone  of  the  cod  forma- 
tion and  other  btratified  deposits  ;  H.  =8  to  7,  the  last  from  Uie  siUoa  present;  G.=3'0-3'8| 
ormoatly8-16-3-IJ.i.  ' 

Pvr.,  etc. — In  the  cloaed  tube  decrepitate^  evolves  oarbon  oxide  and  carbon  dioxide, 
blazons  and  becomes  magnetic.  B,  B.  blackens  and  fuses  at  4  '5.  With  the  flaxes  reacts  for 
iroo,  and  with  soda  and  nitre  on  platinum  foil  generally  gives  a  manganese  reaction.  Only 
slowly  acted  npon  by  cold  add.  but  dissolves  with  brisk  eBervesoenoe  in  hot  hydrochloric  noid. 

Di&.—Specific  gravity  bighet  than  that  of  oalcits  and  dolomite.     B.B,  beoomea  magnatia 

Obs. — Siderite  occurs  in  many  of  the  rook  strata,  In  gneiss,  mica  slat«,  clay  slate,  and  as 
day  iron-stone  in  connection  witb  the  Coal  formation  and  many  other  stratified  deposits.  It 
is  often  assooiated  with  metotUc  area  At  Freiberg  it  oconra  in  silver  mines.  In  Cornwall  it 
accompanies  tin.  It  is  also  fonnd  aocompanying  copper  and  iron  pyrites,  galenite,  vitreous 
copper,  eta  In  New  York,  according  to  Beoli,  it  is  almost  always  associated  with  specular 
iion.  In  the  region  in  and  abont  SLyria  and  Carinthia  this  oie  forms  extensive  tracts  in  gneiss. 
At  Hangerode  iu  the  Haiz,  it  oocnrs  in  fine  crystals;  also  in  Cornwall,  Alsbon-Moor,  and 
DevoDHbire  ;  near  Glasgow  ;  also  at  Mouillar,  Hagescote,  etc..  in  France,  ete. 

In  tbe  U.  States,  in  VennonU  at  Plymouth.  In  Man.,  at  Sterling.  In  Conn. .  at  Boxbniy. 
Id  N.  York,  at  the  Sterling  ore  bed  in  Antwerp,  Jefferson  Co. ;  at  the  Roasie  iron  mines,  St. 
Lawrenoe  Co.  In  ^.  Caroiitut,  at  Fentresa  and  Harlem  mines.  The  argillaceous  carbODitta, 
in  nodules  and  beds|clay  irou-stone),  is  abundant  in  the  coal  r^ona  of  Penn.,  Ohio,  and  manj 
parts  of  the  country. 

KBODOOHROSTTE."  Dialogite.    Hanganspath,  Germ. 
Rhombohedral.      IiAli  =  106''   51',   0Aji=13G''  31*';   c  =  0-8211. 
Cleavage :  S,  perfect.      Also  globular  and  botryoidal,  having  a  columuai 
structure, sometimes  indistinct     Also  granulai-  massive;  oucasioualiy  \m 
uulpable:  iucriistiiie. 


DBBOBlPnTB  ICtKBBAlOaT. 


H.=8'5-4'5.  G.=8-4-8-7.  Loatre  vitreons,  inclining  to  pearly.  Coiat 
shades  of  roBe-red,  yellowiBh-gi-ay,  fawn-colored,  dark  red,  brown.  Strekk 
whit«.     Ti-aiisliicent — BubtraiielticeDt.     Fracture  uneven.     Brittle. 


Fyr.,  etc — B.B.  chaagra  to  srayi  broint,  and  black,  and  deorepiUtea  atrongtj,  bnt  ia  in- 
tolible.  With  salt  ot  phoaphoma  and  borax  in  O.F.  givea  an  amethystine-colored  bead  in 
B.F.  beoomeg  colorless.  With  soda  on  platinam  toil  a  blaiBfa-i^reen  manganate.  DiaaolTe* 
with  eflerveaoenoe  in  warm  hydrochloric  acid.  On  exposure  to  the  air  changea  to  brown,  nod 
some  bright  loee-ied  Toiieties  become  paler. 

Obs. — Occurs  commonly  in  veins  along  with  ores  of  silver,  lead,  and  copper,  and  with  other 
oreu  of  manganeae.  Fonnd  at  Schemniti  and  Kapniic  in  Hungary  ;  NagyuginTransjlTaiiia; 
uaar  Elbingerode  in  the  Han ;  at  Freibeig  in  Saiony. 

Occurs  in  New  Jersey,  at  Mine  Hill,  Franklin  Furnace.  Abundant  at  the  silver  minea  of 
Austin,  Nevada ;  at  Plocentia  Bay.  Newfoundland. 

Named  Thodoehrotite  from  ^iSar,  a  rote,  and  -xpiiiia,  ooior  ;  and  dioiogiU,  from  imXay^,  donbb 


\^       SMITUBON  ITU  >    Calamine  pt.     Qalmei  pi.     Zinkspatfa,  ffcrm. 

Bhombohedral.  BMi=  107°  40',  OAli  =  137'  3' ;  c  =  0-8062.  B 
generally  curved  and  rough.  Cleavage :  li  perfect.  Also  renifonn,  botry- 
oidal,  or  stalactitic,  and  in  cryBtalliiie  incrustations;  also  granular,  and 
sometimes  impalpable,  occasionally  earthy  and  friable. 

H.=5.  G,— 4— 4-45.  Lustre  vitreous,  inclining  to  pearly.  Streak  white. 
Color  white,  often  grayish,  greenieh,  brown ieh-white,  sometiinus  green 
and  broft-n,  Snbtransparent — translucent.  Fracture  uneven — impei-fectly 
conchoidal.     Brittle. 

Comp., Tar.— ZqOO)= Carbon  dioxido  SSH.  lino  oxide  64-8=100;  bat  partot  therino 
often  replaced  by  iron  or  mangancM,  and  by  traces  of  oalcium  and  magneaiiun ;  somotimei 
by  cadmium. 

Tarielitt. — (1)  Ordinarj/.     (a)  CiyHoBaed ;   {6)  batryoidal  and  ttataetitU,   common;    <e) 

ffranuiar  to  eompnct  miusica;  (d)  earthy,  impure,  in  nodolar  and  cavemon*  maaaea.  Taiying 
from  grayiEh-white  to  dark  gray,  brown,  brownish-red,  brownish- black,  and  often  with  drn^ 
■orfacea  in  the  cavities  ;  "  drji-bona"  of  American  miners. 

Fyi.,  etc. — In  the  cloMd  tube  loses  carbon  dioxide,  and,  if  pare,  ia  yellow  while  hot  and 
oolorlera  on  cooling.  B.B.  infusible ;  moistened  with  cobalt  solution  and  heated  In  O.F.  gives 
a  green  color  on  cooling.  With  soda  on  charcoal  gives  lino  vapors,  and  coats  tho  coal  yellow 
whUe  hot,  beooming  white  on  oooling ;  this  coating,  moistened  with  cobalt  aolation,  give*  a 
green  color  aftei  boating  in  O.F.  Cadmiferous  varieties,  when  treated  with  soda,  give  al 
first  a  deep  yellow  or  brown  coating  before  the  cine  coating  apprars.  With  the  fluxes  some 
varieties  react  for  iron,  capper,  and  manganese.     Soluble  in  hydrochloiic  add  with  efferve*- 

d£ — DiKtingnisbcd  from  ralamine  by  its  eSFervescence  in  acids. 

Obi. — Smithsonite  is  foaud  both  in  veins  and  beds,  especially  in  company  with  goleuitc 
and  blende ;  also  wiUi  copper  and  iron  ores.  It  usually  occuia  in  calooreous  rocks,  and  ia 
generally  asaooated  with  caiamiue.  and  sometimes  wiiii  limonite.  It  ia  often  produced  by 
the  aotinu  of  zino  snlphate  upon  calcium  oi  magnesium  carbonate. 

Found  at  Nertscbmsk  in  Siberia  ;  at  Do^uat^^  in  Hungary ;  Bleiberg  and  Itoibel  in  Carin- 
this;  Moresnet  in  Belgium.  In  England,  at  Bougbten  Gill,  Alston  Hoor.  near  Uatlock,  in 
the  Uendip  Hills,  and  eUewhere  ;  in  eicotiand.  at  Leadhills :  in  Ireland,  at  Denial. 

Id  the  U.  States,  in  iV.  Jcrtey,  at  Mine  Hill,  near  the  Franklin  Furnace.  In  Ptnn.,  at 
Lancaster  abundant;  at  the  Perkiomen  lead  mine '  at  the  Ueberroth  mine,  near  Betblehem. 
lu  iVucOTMi'n,  at  Uineral  Point,  Shullsburg,  etc;  In  Jfinrmuta,  at  Gwing's  diggings,  N.  W. 
of  Dnboque,  eto.    In  Miuovri  and  AH^u<u,  along  with  Uie  lead  ores  in  Lower  SilnrUa 


H.Uy 


H^ 
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Aroffonita  Chowp, 


ABAOONITB. 


Ortliorhombio  7a  7  =  US"  10',  O  A  1-i  =  130°  50' ;  h\l:&=.  1-1571 
;1-6055:1.  0  A  1  =  126"  15',  Oa1-s  =  137°  15',  1-iAl-f,  top,=  108' 
26'.  C3rjBtal8  nsnally  having  0  striated  parallel  to  the  shorter  diagonal ; 
often  tapering  from  the  presence  of  acate  domes  and  pyramids,  which  have 
unnBtial  indices.  Cleavage:  J  imperfect;  *-t  distinct;  l-t  imperfect 
Twins :  twinning-plane  7,  prodocing  often  hexagonal  forms,  f .  738,  compare 
fignres  on  pp.  96,  97.  Twinning  often  many  times  repeated  in  tlie  same 
crystal,  proiiicingsucceBaivo  reversed  layers,  the  alternate  of  which  may  be 
exceedingly  thin;  often  so  delicate  as  to  ppodnce  by  the  siieceeBion  a  fine 
striation  of  the  faces  of  a  prism  or  of  a  cleavage  plane.  Also  globular, 
reniform,  and  coralloidal  sbapes;  sometimee  columnar,  composed  of 
itrugbt  and  divergent  iibres ;  also  stalactitic ;  incrastitig. 


/^^ 


\l^>cS^ 


H.=3*5-4.  G-.=2-931,  EEaidinger.  Lnstre  vitreone,  sometimes  inclin- 
ing to  resinons  on  snrfaces  of  fracture.  Color  white  j  also  gray,  yellow, 
green,  and  violet ;  streak  nnoolored.  Transparent — transhicent.  Fracture 
Bubcouchoidal.     Brittle. 

TBr. — 1.  Onfinaty,  (a)  OryrtBlUied  in  slinplo  oi  ootnpomid  orTibJa,  Uie  latter  much  the 
most  oommam )  often  In  Tadiating  gioapi  of  wiioalar  oiTitBla.  (A)  Colamiur ;  %  fine  flbrooi 
mietr  with  lilk;  lnstre  ii  oftlled  SatiA  tpar.  (b]  HowiTe.  Sb^aeiitie  or  ttaiagmitie  (either 
eonpact  oi  Sbrona  in  Etrnctnie),  ai  with  ooleite ;  SpmdtUtein  ia  itoIscUtia  from  Garlabad. 
Cormmdal;  in  gronpiiigs  oi  delioate  interlacing  b™  ooaleaoing  atems,  of  a  inow-wbite  ocdw, 
and  lookjng  a  little  like  ooral. 

Oomp.— CaCOi,  like  oalcite,= Carbon  dioxide  44,  lime  1116=100. 

Pyi.,  etc. — B.B.  whitens  and  fall*  to  pieces,  and  oomatimea,  when  containing  atrontia,  Jn- 
parta  a  moie  iobenaelj  red  color  to  the  flame  than  Ume ;  othenriae  reacb  like  oaldte. 

DUL— See  oaldte,  p.  401. 

Obs — The  moat  common  repoeitoTiea  of  aragonite  are  beda  «t  gTpram,  beds  of  tnm  on 
(where  it  oooora  in  oorallcidal  forme,  and  is  denominated  fioi-ferri,  "fiitwer  of  ttvn,"  ffiseo- 
blalhe,  Qarm.),  basalt,  and  bap  rock^  oooosloaallj  it  ooouia  In  lavaa.  It  la  often  aaaooiatod 
vlth  oopper  and  pfrlte,  galenite,  and  malachite. 

First  disoovered  in  Aragon,  Spain  (whence  ita  name),  at  HoUna  and  Valencia.  Slnoa 
found  at  Bills  in  Bohemia;  at  Herrengmnd  in  Hongaij,  f.  738;  at  Baumgarten  in  Bilwla ; 

r.,i„-:.^.>)i.^i^ 
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■t  litogmg  !□  SalibnrK ;  ^  W&ltach,  Bohemia,  and  many  other  plooeB.  The  Jlonfirri  Tkriati 
]■  foiud  in  great  perfection  in  the  Stjrian  mines.  In  Bn nVingTi^nnifti i m^  Devoiultire,  lu 
(Mvema ;  at  LettdhiUs  in  Lanarkshire,' 

OocniB  Jn  Berpentine  at  Hoboken,  N.  J.;  at  Edenvllle,  N.  T.;  at  tJie  Parish  ore  bed,  Boanc^ 
S.  r.;  at  Haddam,  Conn.;  at  New  Garden,  in  Ohestei  Co.,  Penn.;  at  Wood's  Uine,  Lancaa- 
terOo.,  Fenn.;  at  Warsaw,  111.,  lining  good es. 

UAMQAKoCALOnB.— Compositioii  SMnGOi  +  (Ca,Mg)COi,  with  a  little  iron  replacing  part 
of  the  manganese.     Q.  =8087.     Color  flesh-red  to  reddlih-white.     Schemnltz,  HnngMj. 


Orthorliombic    /A  /=  118' 


I',  OAl-t=128°45';  6:i:  d  =  l-2iG  : 
1.  Twine :  all  the  annexed  figures,  coni- 
poeition  parallel  to  I;  reentering  angles  some- 
times obsei-ved.  Clea'i'age :  /  diBtiuut ;  also  is 
-globular,  tuberoee,  and  boti'yoidal  forma ;  Btmu- 
tare  either  coluranar  or  granular;  also  amor- 
phous. 

H.=3-3-7S.  G.=4-29-4-35.  Liistre  vitreona, 
inclining  to  resinous,  on  sarfacee  of  fracture. 
Color  wnite,  often  yellowish,  or  grayish.  Streak 
white.  SubtraneparenC — translucent.  Fracture 
tmeven.    Brittle. 


Oomp.— BaCO,  =  CarbondiniideS2'3,  bairtaTT'T-lOO. 
Pjrr.,  etc. — B,B,  fnBesat2toabead.  coloring  the  flame  yel- 
lowish-green;  after  fusion  reacts  alkaline.  B.B.  onohaiooal 
nith  soda  fuses  easily,  and  is  absorbed  bj  the  cool.  Solnble 
In  dilute  hydrochloric  add;  this  aolntion,  even  when  vecj  macb  diluted,  giTes  with  eiilphurie 
add  a  white  predpiCate  which  is  insolnble  in  adds. 

DiS. — Diatingnishing  choraoten:  high  specific  gravitj;  efferresoenoe  with  acida;  ffreen 
coloration  of  the  flame  B.  B. 

Oba Oocnrs  at  Alaton-Hoor  in  Cnmberland ;  at  Followfield,  near  Hexham  in  If  orthtunber- 

land ;  Tamowitz  in  Silesia  ;  Leogong  in  SaJzhnrg ;  Feggau  in  Styria ;  some  places  in  Sidlj  ; 
the  mine  of  Arqueros.  near  Coquimbo,  Chili;  near  I/exington.  Kf.,  with  bante. 

Witherite  is  ezteniiivel;  mined  at  Fallowfield,  and  is  need  in  chemical  works  in  the  maaa- 
taotnre  of  plate-glase,  nnd  in  France  in  making  beet-imgar. 
Bboklits. — Formula  as  for  barjtocaldte,  but  orthorhomlno  in  form. 


S^OHTtAHim. 

Orthorhombie.     I A  T=  117"  19',  0  A  It  =  130*  H';  c:l :  4  =  1-1883  : 
1-6421  : 1.     Oa1  =  125°  48',  0  A  H  =  144"  6  , 
7«  1 A 1,  mac,  =  130"  1',  1 A 1,  brach.,  =  92°  11'. 

Cleav^e  "■  /  neai-ly  perfect,  t-i  in  tiocee.     Crys- 
tals often   acicular   and*  in   diveraent  groups. 
Twins:  like  thoee  of  aragonite.     O  iisnally  stri- 
ated parallel  to  the  shorter  diagonat.     Also  in 
columnar  globular  forme ;  fibrous  and  gramilar. 
H,=3-5-4.     G.=3-605-S-7I3.     Lustre   vitre- 
OttB ;  inclining  to  i-esiuoiis  on  uneven  faces  of 
fnujtnre.     Color  pale  asparagus-green,  apple-green  ;  also  white,  gray,  yel- 
low,   and    yellowisb-brown.      Streak    mtite.      "^  *    '       '        " 
Fnotnre  uoevon.    Brittle. 


Transparent — translucent. 


H.UyiV 


oxroKiT  ooHPounm. — oasbohatss,  407 

Comp— SiCOikCmIxui  diuxide  20 7,  atrontlk  703 ;  bvt  »  inuill  part  of  the  rtroatinm 
idten  teplaoed  bj  oaldnm. 

Pyr.,  etc. — B.B.  iwella  np,  throwB  ont  minute  apronta.  fiuei  onlj  on  the  Ulin  edges,  end 
colon  the  flame  itrontia-red ;  the  awo;  reautB  alkaline  after  ignition.  Muiateued  with  hydro- 
chloric acid  and  treated  eittier  B.B.  or  in  the  naked  lamp  gives  hd  intense  red  color.  With 
loda  on  ohoccoal  ibe  pare  mineral  fuses  to  a  clear  glosa,  and  is  entirely  absorbed  by  the  coal ,' 
if  lime  or  iron  be  present  the;  are  separated  and  remain  on  the  aarfoce  of  the  coal.  Soluble 
In  hydrochlotio  ooid ;  tbe  dilute  solution  when  treated  with  snlphuiic  acid  gives  a  white  pre- 
dpitate. 

DiS. — DifTan  from  related  minerals,  not  oarbonatAs,  in  efterveeoing  with  aoidB ;  lowu 
•pecific  gravitj  than  witherite,  and  oolors  the  flarae  ral. 

Oba. — Occurs  at  Slrontian  in  Argyleshire ;  in  Torluhire,  England ;  Qlont'i  Cansewajr,  Ira- 
iMid;  Clanrthal  in  the  Han ;  Br:iunHdorf,  Saxony ;  Leogang  in  Soliburg.  In  tbe  ?.  States 
It  ocoors  at  Schoharie,  N.  Y.,  in  granular  and  colnmnor  masses,  and  also  in  or; stals.  At 
Hnaoalonge  Lake;  at  Cbanmont  Boy  and  Theresa,  in  JeSersonCo.,  If.T.  ;  Mifflin  Co.,  Pann 


OmnSSTTR    WalBableien,  Bleiapath,  Oerm. 

Orthorhombic.  /A  1=  117'  13',  OM-l  =  130°  9i' ;  <} :  2  :  4  =  1-1863 
:  1-6388  :  1.      O  A  1  =  125° 

46',    OAl-f=144°  8',  lAl,  '"  '*• 

mac.,  =  130°,  1 A 1,  brach.,  = 
92°  19'.  Cleavage:  /often 
imperfect ;  2-t  hai-dly  less  bo. 
CrjstaU  tiaiially  thin,  broad, 
and  brittle;  sometimes  stcint. 
Twins  :  very  common  ;  twin- 
ning-plane  I,  producing  wau- 
»Ity  era  ci  form  or  stellate 
forms ;  also  less  commonly, 
twinning-plane  t-S.  Rarely 
fibrous,  often  granular  mas- 
sive and  compact.     Sometimes  stalactitic. 

H.=3-3'5.  G,=6*465-6-4:80 ;  some  earthy  Tarietiea  aa  low  as  5-4^ 
Lnstre  adamantine,  inclining  to  vitreons  or  resinous;  sometimes  pearly; 
sometimes  submetallic,  if  the  colore  are  dark,  or  from  a  superficial  change. 
Color  white,  giay,  grayish-black,  sometimes  tinged  bine  or  green  by  some 
of  the  salts  of  copper;  streak  nncolored.  Transpai-ent — subtranalncent. 
Fracture  conclioidai.     Very  brittle. 

Oomp^PbCOisOarbon  dioxida  lS-5,  lead  oxide  88'S=100. 

Pyr.,  oto.-.  In  the  oloaed  tnba  decrepitates,  loses  carbon  dioxide,  tnraa  Bnt  yellow,  and  at 
a  higher  temperature  dark  red,  bat  becomes  yellow  again  on  coolictf.  B.B,  on  charcoal  foae* 
vary  easily,  and  in  B,  F.  yields  metallic  lead.     Soluble  in  dilute  nitno  add  with  eflerrcBoenoe. 

DifL^Uulike  Koglesite,  It  eSerresoei  with  nitrio  acid.  Charaoteriied  by  high  speoiSc 
gtavitj,  and  yielding  lead  B.B. 

Oba. — Occors  la  cnuoeation  with  other  lead  minerals,  and  is  formed  from  galenite.  wfaioh, 
M  it  posses  to  a  sulphate,  may  be  changed  to  carbonate  by  meMU  of  solutions  of  calcium 
bicaxbonnte.  It  Is  fonnd  at  JohanngeoTgeustodt ;  at  Xeitaohinsk  and  Brareaof  in  Siberia ;  at 
Glausthal  in  the  Han  ;  at  Bleiberg  iu  Caricthia  ;  at  Mes  and  Pnibram  in  Bohemia  ;  at  Rets- 
bonyo.  Hungary;  in  England,  In  Cornwall;  near  Uatlook  and  Wirluworth.  Derbyshire;  at 
Leadhills.  Scotland;  In  Wicklow,  Ireland. 

Found  in  fmn. ,  at  Fbenixvllle  ;  at  Perkiomen.  In  ,y.  Tork,  at  the  Eossie  lead  mine.  In 
VirBmia.  at  Anstin's  mines.  Wythe  Oo.  In  y.  Canlina,  at  Eii^r'a  mine,  Davidson  Co. ,  good. 
In  WiiooDEin  and  other  lead  mines  of  tha  northweatem  StatM,  raralT  in  ozjttaia ;  oaai  tha 
Blue  Mounds,  Wiao.,  in  itaUotitai. 

n.iii.-j'--;.  V-  it.n.is;iC 


DBStmiPTITX  lanTRBALOOT. 


BAHTTOOAIiOTTB. 


Monoclinic.     C  =  73°  62',  7a  /=  106°  5i',  6*  A  1-i  =  149"  \h;l:Ax=. 

0-81035  : 1-29583  :  1.     Clearage:  /.perfect;   £>,  less  perfect ;  also  massive. 

fl.=4.     G.=36363-3-66.     Lustre  vitreoiiB,  inclining  to  resinous.    Color 

white,  grayieh.   greenish,   or    yellowish.      Sti-ealt  white.     Transparent — 

translucent.     Fi-a»tnre  nneven. 

Oomp. — (Br,Gr)GOi,  when  Ba  ;  Ca=l  :  l=BaTium  OMboiMte  063,  c«Idimi  Miboaata 
887=100. 

Fyr.,  eto-^-B.B.  colon  tJie  flame  jellowiah-gTMn,  uid  at  a  higher  temperature  fuaes  or. 
the  thin  edges  and  aaimines  a  pale  green  color ;  the  away  reauta  alkaline  aft«i  ignition.  Witb 
the  flaxes  reacts  for  DMnganeae.  With  soda  on  charcoal  the  lime  is  separated  ns  an  infoubla 
maaa,  wbila  Uie  lemainder  ia  absorbed  by  tbe  coal.     Soluble  in  dilute  hjdtochloiio  acid. 

Obi. — Oocnra  at  Alaton-Hoor  in  Comberland,  in  the  Snbcarboniferons  or  mountain  IfaiM- 
■tone. 

Pauibitb. — A  carbonate  oontaintng  oeriam  (also  La,Di),  and  oalclnm  with  6  p.  c,  flnorin*. 
Biaot  compoaition  nnccrtain.  In  hexagonal  crystals.  Color  brownish-yellow.  Uneo  vallej. 
New  Orantula.  Kiscittimitb,  from  the  gold  waiibuig  of  the  Baraonka  rivet,  Urala,  iaiimilai 
In  composition,  but  contain*  no  oalclnm. 

BABTMiBrrB  (Haraorttte).— Composition  2RC0,+SF,,  with  E=Ce  :  La=B  :  8.  Analj^ 
Kordenakioia,  CO,  lS-50,  LaO  4o-T7,  OeO  28-49,  H^O  1  01,  F,0,  (S-23}=100.  Poand  fn  Dnall 
masses  Imbedded  between  allanite  cryatnla.     Biddorhyttan,  Sweden. 

PBOSOBNITE.    Bleihomets,  ff«rm. 

■Tetragonal.  C?Al-i=132''  37';  c  =  1-0871.  Cleavage:  /  and  i-i 
bright ;  also  basal. 

H.=2'75-3.  G.=6-6-31.  Lustre  adamantine.  Color  white,  sray,  and 
yellow.     Streak  white      Transparent— translncent.     Rather  seetiTe. 

Camp.— PbCO)+PbCl,=Lead  carbonate  4B,  lead  chloride  61  =100,  or  lead  oxide  81 -9,  car- 
bon dfoilde  8-1,  chlorine  18-0=103-9. 

Fyr.,  eto. — B.B.  melta  TeadUy  to  a  yellow  globole,  which  on  cooling  becomes  whit«  and 
erystolliiie.  On  charcoal  in  B.F.  gives  metallic  lead,  with  a  white  coating  of  lead  chloride. 
With  a  salt  of  phosphoros  bead  previoasly  saturated  with  copper  oxide  givea  the  ohlorin* 
leaotion.     DisaolTea  with  eSerrescenoe  in  nitric  aoid. 

Oba.— At  Ciomford  near  HaQock  in  Derbyshire ;  Tory  rare  in  Cornwall ;  in  large  iiijelalt 
at  Qibbaa  and  Hant«ponl  tn  Sardinia  ;  near  Bobrek  in  Upper  Bilesla, 


HtDBOUB   CABBOlTATfeZi. 


Monoclinic.  Ohvi  =  108"  15',  Cleavage :  w  perfect.  Often  fibroM 
or  colnmnar  masaive. 

H.=2-5-3.  G.=2'll.  Lnstre  vitreons,  glistening.  Color  gray  or  yd- 
lowish-wbite.  Translucent  Taste  alkaline.  Not  Stered  by  exposnre  to 
B  dry  atmosphere. 

Oomp.— Na,CiO>+Saq=Carboii  aioxlde  40-2,  soda  87-8,  mter  S9-0. 

Pyr.,  etc — In  the  closed  tabs  yields  water  and  carbon  dioxide.  B.B.  impaifa  an  intniMnly 
yellow  oolor  to  the  flame.  Soluble  in  water,  and  eflerreacea  with  acida.  Beact«  alkaUa* 
witii  mofstotted  teat  paper. 

Obs. — The  qiaclmen  anatyaed  by  Klaproth  cama  from  the  prorlnoe  of  8uck«Dna.  two  d^y^ 
(otuncgr  from  Feven,        icM.     To  this  specdea  belongs  the  niao  foood  at  ttaa  bottom  of  a  Uka 


..,l,^H 


OXTOBlf  OOlCPOiniDS. — OABnOHATBB. 


hHftnwaibo,  8.  A.,  »di^i  Jonmef  from  Herida.     EffloreMMnoea  of  trons  ooonr  new 
Bireetwator  riTer,  Bocky  Honntaliu,  mixed  with  tbdinm  mlphatB  and  common  salt. 

Katrom  or  Soda  (sodium  oarboaat«,  NatCOi+lCtaq].      TOEiuiONATKlTB,  NftnOOiH 
Tesciikhacheeits,  Anmoninm  oaibonato. 


aAT-ItV9SITB. 


C  =  W  27',  /A  7=  68"  60'  and  111'  10',  (?  A 14  = 
:  0-67137  :  1. 


12.1' 


Monoclinic. 
16';    i:b: 

1-i  A 14,  adj.,  =  109'  30*,  i  A  i  =  110' 
3U'.  Crystals  often  lengthened,  and 
priematic  in  the  direction  of  1-i ;  also  in 
that  of  i ;  also  (f  r.  Kevada)  not  elongate, 
but  thin  in  the  direction  of  the  orthodia- 
gonal,  0  being  very  narrow  or  wanting ; 
Bui-facea  uBnally  nneven,  being  formed 
of  minnte  suboi'dinate  planes.  Cleav- 
age :  /  t>erfect ;  O  leas  bo,  but  giving  a 
reflected  image  in  a  strong  light. 

H.=2-S.  G.=l-92-l-99.  Luatre  vitreons.  Color  white,  yellowish- 
white.  Streak  nncolorcd  to  grayish.  Translucent.  Fracture  conchoidal. 
Extremely  brittle.     Not  pboephorescent  by  friction  or  heat. 

Oomp— N&iCO(  +  CaGOi  +  Su=8odiiim  oaibonate  SS-0,  oaldtuu  oaibonate  83'8,  w>t«I 
W-S=100. 

Vyt;  etc. — Heated  in  a  matnuB  the  crrBtalH  decrepitate  and  beoome  opaque.  B  B.  foana 
Msllj  to  a  white  enamsL,  and  colors  the  flame  Intetuelj'  jellon.  With  the  nnzea  it  beha-rei 
like  caloiam  oatbonate.  DiwolveB  In  adda  with  a  biiak  eBerresoeiioe ;  partly  aolnble  In  wntei , 
and  reddena  tnrmeila. 

Obs. — Abandant  at  Lagonilla,  near  Uerida,  in  Haiaoaibo,  wbRre  iti  orTstals  are  diaesmi- 
nated  at  the  bottom  of  a  small  lake,  in  a  bed  of  clay,  ooventig  urao  ;  the  natirea  call  it  «lae0( 
01  nail»,  in  allnaion  to  its  cr^'atalline  form.  AUo  on  a  aniall  ialaod  in  Little  fiult  Lake,  neat 
Baglown,  Nevada,  abunt  1^  m.  S,  of  the  main  emigrant  road  to  Emnboldt.  The  lalce  ia  in  a 
cratei-Bhnped  baam,  and  ita  waters  an  denae  and  atronglj  aaline. 

The  diaborted  orystalB  from  Sangerhanaen  have  been  lon^  oonalderad  pMnidomoipha  after 
gfl7-la3site,  thou^  Des  Cloizeaux  regards  them  as  pseudomorpba  after  oelentite.  Groth 
regards  Chsm  as  perhaps  pseudomorpui  after  anhydrite.     See  also  thinolite,  p.  436. 


Monoclinic.      C=  82''~83°,  IM=81°  B2'-88»,   Oa2-1 
:  d  =  (nearly)  0-455  : 1-0973  :  1.    Crjatals  small,  nsaally 
aoicular  or  bladed,  and  tufted.    Also  amorphoas ;  as 
chalky  or  mealy  crusts. 

H.  of  crystals  3-6.  a=2145-2-18,  Smith  &  Bmsh. 
Lustre  Tttreoua  to  silky  or  Bubpearly ;  ^ao  eartliy.  Color 
and  streak  white.     Brittle. 


.H.k'^IV 


410  DBSOBIFnTB  XINKKAIXXIT. 

OlM.^><Mnn  at  Hrabntilta,  In  Honvi»,  tn  feipentine;  In  Negraponte,  n«u  Komi ;  *t 
Eaiwntnhl,  in  Baden,  impnM.  In  the  U.  Btataa,  near  Tdxbs,  Lancuter  Co.,  Paun.  ;  al 
HobokBD.  N.  J. 

Hturosui^hitb.— Gompoutlon  8(CaHg)00.+aq.  From  Ht  SowmA.  Prnmitb  from 
TeiM,  Fa, ,  ia  aimilar. 

Pbbdazzitg  and  Pbncatitb  am  mixtarM  of  ealdta  and  brodte.     Tjrol. 

Dawsohitb.— In  thin-bladed,  wbite,  tianapaient  ciratals on trachTte.  H.=!l.  G.=S'4(L 
AnaJjnis,  Harrington,  AlO.  82  84,  MgO  tr.,  CaO  51)8,  Na,0  2020,  K,O0  88,  H,01l-tll.  CO, 
S9'8a,  SiO,  0'4O=101'&6.  Bearded  aa  ''ahTdiona  oaxbonate  of  alnminam,  oalcinm,  aid 
nodinni;  or  peihapa  as  a  hjdiata  of  alammnm  with  oaibonatea  of  calcium  and  aodjnni." 
Uontreal,  Ouiada. 

HoTiTE.-'Sapposed  to  be  a  h^droaa  carbonate  of  alnmlnnm  and  oaldnm.  Boft,  whit^ 
and  fiiablei  eartbj  in  bmctnre.     From  Hova,  neai  Brighton,  with  oollTiite. 


XiANTHANITB. 

Orthorhombic.  /A/ =93'  aO'-Si",  Blake,  92°  46'  v.  Lang;  /Al^ 
142°  88';    (f :  5  :  d  =  0-99898  : 1-0496  : 1,  v.  Lang.    In  thin  fonr-eidod 

SlatM  or  minute  tables,  with  bevelled  edgea.     Cleavage  micaceous.     Also 
ne  granular  or  earthy. 

H.=2-5— 3.  G.=2-666.  Lustre  pearly  or  dull.  Color  grayiBh-white, 
delicate  pink,  or  yellowish. 

Oomp.— LaG0,+8aq=I.anthan»  SS-e,  carbon  diozidn  218,  water  26-1  =  100.  There  ia 
toma  oxide  of  didTtnlam  w[tb  the  lantbana,  according  to  Smith. 

Pyri.,  etc. — In  the  oloaad  tube  yielda  water.  B.B.  iufnaible  ;  bat  whiten!  and  beoomea 
opaque,  BllTer;,  and  btowniah ;  with  borax,  a  glass,  aligktl?  blutah,  reddiah,  or  amethjacine, 
on  (Wing ;  with  aalt  of  [^oaphonu  a  glaaa,  blnieh  auetbjatina  while  hot,  red  cold,  the 
bead  becoming  opaqna  when  but  ilightl;  heated,  and  retaining  a  pink  ooloi.  Efferreaoea  in 
Uke  adds. 

Oba.— Found  ooating  cerite  at  BsBtniui,  Sweden;  also  with  the  xioo  ore*  of  the  Banoon 
ralley,  Lehit^h  Co.,  Pa.  j  at  the  Sandford  irc-i-ore  bed,  Moriah,  Eaaez  Co..  N.  T. 

TEKasRtTB — Tttrium  oarboniita.     Aa  a  o  ating  on  gadolinita  from  Ttterby. 

Zabatite.  Emerald  JTiokel,  eiilliman.  Hiokelamaragd,  Qerm. — Lompoaition  HiiCOi-i- 
Saq,  or  NiCO.  +  2H,NiO,  +  4ikq.  Thu  reqnirea:  Carbon  dioxide  Il'S.  nickel  oxide  5B-a, 
wabsr  28-9=100.  Usually  aa  an  emerald-green  ooatingj  thiu  on  chromita  at  Texaa,  Penn., 
where  it  waa  flrst  noticed ;  Swinaneas,  Shetland;  Cape  Ortegal,  Spain. 

KBUrNQTOMrTE. — A  hjdrona  oobalt  oarbonata.     Finkabnig,  Md. 


HTBROZIHOrni.    ZinkUathe,  Otrm, 

Massive,  earthy  or  compact.  As  incrustations,  the  crusta  sometimes  con- 
centric and  agate-like.     At  times  renifonn,  pisolitic,  stalactitic. 

H.=r2-2-5.  a=3-58-3-8.  Lustre  dull.  Color  pure  white,  gi-ayish  or 
yellowish.     Streak  shining.     Usually  earthy  or  chalk-tike. 

Oempr— In  part  ZdCOi -I- 2HtZnO,=CaTbon  dioxide  13-8,  ilnc  oxide  79-3,  water  11-t =100. 

Fyr.,  ato. — In  the  closed  tube  yielda  water ;  in  other  reapects  resemblea  amithaonita. 

Ooi.-~0ocnn  at  moat  minea  of  aino,  and  is  a  result  of  the  alteration  of  the  other  ores  el 
tbla  metal  Found  In  great  qoantitlea  at  the  Dolores  mine.  Udiaa  valley,  province  of  Aanlan- 
der,  In  Spain  ;  at  BlelbA-Ef  and  Baibel  In  Corinthia ;  near  Reimsbeok,  in  VVeatphalla 

In  the  U,  Statea,  at  Fiiedenaville,  Fa.;  at  Linden,  In  Wisoonain)  in  Marion  Co.,  AikaoMI 
(fHorioTiiU). 

AUKicBALciTB.— A  onpreoiu  hydroilaoite.  CanaUf  in  diu^y  iuonutatlona.  Altai  j 
■atlook,  Derbyahire ;  SpMn ;  Lanooater,  Fa. 


n.i.iyiv 


OXTOBN  001IF0DIID8. — OASaolTATBB. 


Moaoclinic.  (7=  88'  32',  /A  /=  104°  28',  U  A  —14  =  118"  15',  Zepliaro 
rich;   c  ;  i  :  ti  =  0-51155  :  1-2903  : 1.      Common   form 
f.  750 ;  also  same  with  other  tenninal  planes;  also  with  WO 

a  wanting;  alao  witli  i-i,  i-\  very  large,  making  a  rect- 
iuigular  prism ;  also  witii  the  vertical  prism  very  ehort, 
as  m  f.  321,  Crystals  rarely  simule.  Twins :  twinning- 
plane  i-t,  f.  750 :  often  penetration  twins,  aa  in  f.  321, 
322,  p.  99.  Cleavage  :  basal,  highly  perfect ;  clino- 
diagonal  lesa  distinct.  [jBiiaUy  maaeive  or  iiicnisting, 
with  surface  tubeiYisQ,  botrvdidal,  or  stalactitic,  and  struc- 
ture divergent ;  often  delicately  compact  fibrous,  and 
banded  in  color ;  frequently  granular  or  earthy. 

H,=3-5-i.    G.=3-7-4-01.    Lustre  of  crjstafs  adaman- 
tine, inclining  to  ritreous ;  of  fibrous  varieties  more  or 
lew  silky ;  otten  dull  and  earthy.    Color  bright  gi-een.    Streak  pale^  green. 
Translucent — subtransluceut — opaque.     Fracture  snbconclioidal,  nneven. 

Oonuii.— OniCOi+EiO=CiiCOt  +  HiCaOi=Cubon  dioxide  IB'9,  ooppei  oxide  719,  watei 
«-S=100. 

Pyr.,  etc. — In  the  closed  tube  blaokeoa  and  jielda  water.  B.B.  fiuea  ai  S,  ooloting  the 
fl&me  emerald -green;  on  charcoal  is  redaoed  U>  metollio  oopper  ;  mth  the  fluxes  reaata  like 
tenorite.     Bolnble  in  acids  with  efferreaoenoe. 

DiC — Differs  from  other  capper  ores  of  a  green  oolor  in  its  effetreaoenoe  with  aoidn. 

Oba. — Green  maiachite  accompanies  other  OTe»  of  oopper.  Perfect  crjxtals  are  quite  rare. 
Oooota  abniidantl;  in  the  Urala ;  at  Cbeasy  in  Frauoe ;  at  Sobwats  in  the  Tyrol ;  ia  Coniwall 
and  in  Cnmberland,  England  ;  Saadlodge  oopper  mine,  SooUand  ;  Limerick,  Waterford.  and 
elaewheie,  Ireland ;  at  Qrimberg,  near  Siegen  in  Qerroanj.  At  the  copper  minea  of  Ninohne- 
.  Tagilsk,  belonging  to  H.  Demidoff,  a  bed  of  raalachite  was  opened  which  jielded  man;  tons 
d  malachite.  Also  in  handsome  masses  at  Bembe,  oo  the  wast  coast  of  Africa ;  wi^  tho 
oopper  orea  ot  Cabaj  Chili;  Anstialia. 

In  N.  Jeriey,  at  New  Brunswick.  In  I'tnTuj/hoTU/i,  neat  Moigantown,  Berka  Count; ;  at 
Cornwall,  Lebanon  Co.  ;  at  the  Perkiomen  and  Fhenixville  lead  mines.  In  Vitooiui/t,  at  the 
oopper  mineH  of  Uineiai  Point,  and  elawhere.  In  GiUiftfmia,  at  Uughea's  mine  in  CalavenM 
Co. 

Green  malachite  admits  of  a  high  polish,  and  when  in  large  maases  is  out  into  tables.  annS- 
boxea,  vases,  etc     Named  from  fuiJiax'l,  maUmm,  in  altosion  to  the  g^reen  color. 

CnFHoCAL<.iTB. — Missive.  H.=8.  Cl'.=il'00.  Color  Temiilioa-red.  Analj^  Bajmondi, 
Ca,0  CO-45,  OaO  3010,  CO,  34-00,  H,0  SSO,  FeO.  OtH),  AlO.  0  20,  H^  0-S7,  SiO,  0-30= 
M'tJ6.    Oocnia  with  a  fermginoas  caldte  at  the  copper  mines  of  Causa  m  Peto. 


AZUEUTit.    Eapferluni,  Otrm. 

Monoclinio.  C  =  87*  89' ;  /A  /=  99'  32',  £>A  l-l  =  138"  41';  «  :  J  :  d 
s  1-039  :  I'lSl :  1.  O  usually  etriated  parallel  with  tlie  clinodia^ual. 
Cleavage:  2-i  rather  perfect;  i-i  teas  distinct;  /  in  ti-aces.  Also  massive, 
and  presenting  imitative  shapes,  having  a  columnar  composition ;  also  dul] 
Hid  earthy. 

H.=3-5-4'25.  G.=3-5-8-831.  Lostre  vitreous,  almost  adamantine. 
Color  various  eliades  of  azure-blue,  passing  into  Berliu-blno.  Streak  blue, 
%hter  tliaii  the  color.  Transparent — subti'ausluceiit.  Fracture  oonchoidaL 
Brittle. 
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Oomp. — Cni0iOi+HiO=2CQCOi+HiCaO.=0arboa  dioxide  25-6,  oopper  oxide  OB-^ 
mtar  S'S=10a 

Pyr^  «to. — Same  as  in  malachite. 

Oba. — Oocon  at  CheBsj,  near  Lyona,  wtaenoe  ita  name  Chentg  Copper.  Also  in  Siberia ;  »i 
Holdava  Id  the  Biumt ;  at  Wheal  Boiler,  neai  BedraUi  In  GonLwoll '  oUo  in  Devoiufaiie  and 
DerbTibire. 

In  Pmn. ,  at  the  Feikiomen  lead  mine ;  at  Phenixville,  in  orjatola ;  at  Cornwall.  In  Wit 
lontin,  near  Mineral  Faint     In  California,  CalaTero*  Co. ,  at  Qnghea  ■  mine. 

Aocording  to  Scbr&af,  who  has  ^ven  a  ciystollogiBphia  monograph  of  Uie  epedw,  the  ton; 
ll  doaely  related  to  that  of  epidote  (Bor.  Ak.  Wien,  Jnlj  U,  1871). 


BISMUTrril,    Winnnthi^th,  Oarm. 

In  implanted  adcular  crjBtallizationB  (psoudoraorphons) ;  also  incrnetiiig 
or  amorplious;  pulvemlent. 

H.=4-4-5.  G,=6'86-6  909.  Lnetre  vitreous,  wlien  pure;  aometimea 
dull.  Color  white,  mountain-green,  and  dirt;  siskin-green:  occasionally 
Btraw-yellow  and  yellowish-gray.  Sci'eak  greeuish-gray  to  colorless.  Sub- 
tranaluount— opaque.    Brittle. 

Oomp.— 3Bi,G|Oiit-0H]O,  Bamm.  (S.  Carolina) =OazI>on  dioxide  6-88,  bismuth  ozida 
eB-70,  water  8  87=100. 

Fyr.,  eto. — In  the  closed  tube  dMnepltatea  and  givea  ofl  water.  B.B.  fnaea  readily,  and  on 
flbanxMkl  is  redaoed  to  bismath,  and  ooats  the  coal  with  yellow  bisniatli  oxide.  DisBolres  in 
nitric  add,  with  slight  eSerreeoenoe.  DiasolTes  in  hTdroohtorio  aoid,  affording  a  deep  yellow 
■platioQ. 

Obs. — Bismntite  ooenn  at  Schneeberg'  and  Johanngeorgenatadt ;  at  Joachimstbol ;  atai 
Baden;  also  in  the  gold  district  of  Charterfleld,  8.  C.  j  in  Gaston  Co.,  N.  C,  in  jellowiah- 
white  concretioiu. 

LlEBlGlTE  ;  TooLlTE  (X^rankolk,  (?«nn.).~~Carbonates  of  nraninm  and  oalciam,  from  Ui« 
deoompositloQ  of  nianinlte.  Biaot  composition  doabtfol.  ScaRdCKiMaKBrrB  ia  an  oxToar- 
'    n  (Sohraof).  Orthorhombio.  Ooouib  in  six-sided  tabnlai  o^stala.   JoaobinW' 


Whevbllite.  —An  oxalate  of  calcium.     In  minute  monoclinic  ctystals  <m  caldte. 

EnuBOLDTiTB.^-A  hjdroua  oxalate  of  iron,  ^FeCiO,-t-llaq.  Compact;  eaith;.  In  brown- 
ooal  of  Kolosenik,  near  Bilin;  alao  in  block  abalee  at  Kettle  Point ;  in  BoaanqneC,  Canada. 

UslJirrE  (Honigateln,  0«r?n.).— Tetragonal.  In  ootaheditma ;  also  masaTH,  honey-fellow, 
taddiah,  or  broTnUsh,  rarely  white.  Al  CiiOii-l-18aq=Alnmina  14*8fi,  mellitio  add  40-80, 
water  iOM^^lO-}.    Artem,  Tbnringia;  LnaohibE,  Bohemia ;  Wali^ow,  ]|orai>« ;  Sertacbimk, 
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VI.  HYDROCARBON  COMPOUNDS 


The  Hydrogen-Carbon  Coraponnds  includo  (1)  the  siui'lh  hydbooabboitb  ; 
and  (3)  the  oxygenated  hydbooakiiokb. 

1.  The  SIMPLE  HYDBooAKBOiis  embrace : 

(a)  The  Mai-eh  Oa8  series.  General  formula  CnB^+j.  Here  belong  the 
liquid  naphthas,  the  more  volatile  parte  of  peti-oleum ;  also  the  buttei-like 
solids  soneererite  and  diriamatUe. 

Pbtroleitu. — HuieraloiL  Keroseiie.  Bei:g5],  Steinol, BidoU 0«nn.  PetToleum  isatbiok  to 
thin  fluid.  Color  yellow  or  brovrn,  or  culorlesa;  tranaluoeDb  to  tiraiLspateiib.  The  speoific  graTltj 
Tariea  from  0*7  to  0  0.  Chemicsllj'  it  conaUtH  esBeati&U;  of  carbon  aad  hjdiogea ;  cnntaia- 
ing  ievenU  members  of  the  naphtha  groap,  as  also  the  oila  of  the  ethylene  gsries,  HJid  ^e 
parafBns.  The  propoi'tion  of  the  Latter  conatituecta  iucreases  with  the  iucreoae  of  the  deiudtj 
oi  Tisaidity  of  the  fluid.     It  gjodes  inaeosihly  into  pittaiphalt,  and  that  into  solid  bitnmeii. 

Ocoara  In  tooks  or  deposits  of  nearly  all  geologieal  ages,  from  the   Lower   Silarioa  to  th* 

resent  epoch.  It  is  saBociated  most  abundaatly  with  aiffillaceoiiB  ahales  and  Baadstones,  but 
tonnd  also  permeatiag'  limestoaes,  giving'  them  a  bitmniiions  odor,  and  rendering  tbem 
sometimes  a  oonsiderahle  source  of  oil.  From  these  ollferomi  shales  and  limestonea  the  oU 
often  eindes,  and  appears  floating  on  the  streams  or  lakes  of  the  region,  or  rises  in  oii  springs. 
It  also  exists  collected  in  subtenanean  oavitles  in  certain  rocks,  whence  it  iasaes  in  jets  or 
fountunn  whenever  an  outlet  is  made  by  boring.  These  cavities  are  situated  mostly  along 
the  oourse  of  gentle  antiolinals  in  the  rocks  of  the  region ;  and  it  is  therefore  probable,  oa  has 
been  suggested,  that  they  originated  for  the  most  part  in  the  displacements  of  the  strata  caused 
by  the  slight  nplift.  The  oU  which  Oils  the  cavities  has  ordinarily  been  derived  fiom  the 
mbjacent  rocks  ;  for  the  strata,  in  which  the  cavities  exist,  are  frequently  barren  sandstones. 
Obtained  in  large  quantities  from  the  oil  wells  of  PennsylTania ;  also  found  in  eastern  Yii- 
ginia,  Kentntiky,  Ohio,  Illinois,  Michigan,  and  flew  Tork.  In  Canada,  at  several  places ;  in 
■outhem  California  ;  in  Mexico  -,  Trinidad. 

Borne  welt-known  foreign  localittss  are :  Eangoon,  Burmoh ;  western  shore  of  the  Caspian 
Sea;  in Paiinn, Italy ;  SioiJ;;  Galicia;   Tegemsee,  Bavaria;  Banover. 

(i)  The  Olefiant  or  Ethylene  seriea.  General  fonnala  (XH^^.  Here 
belong  the  pittoliiitu  group  of  liquids,  at piUasphalt%  (mineml  tar),  and  the 
jparaffina. 

Fakappcn  Qroqp.— Wax-likeinconsistence;  white  and  translucent  Sparingly  soluble  in 
alcohol,  rather  eoaJy  in  ether,  and  crystallizing  more  or  less  perfectly  from  the  solutions.  O. 
about  0-85-0-9a.  Kelting  point  for  the  following  species,  ya^-BO'.  The  ditferent  species 
Tarying  in  the  value  of  n,  vary  also  in  boiling  point,  and  other  oharaoters. 

Paraffins  oocur  in  tiie  Pennsylvania  petrolenin,  a  freezing  miiLure  reducing'  the  tcmpera- 
tnre  being  sufCcient  to  separate  it  in  crystals.  Also  in  the  naphtha  of  the  Caspian,  in  Ban- 
goon  tar,  and  many  other  liqnid  bilumeus.  It  is  a  result  of  the  destructive  distiUstion  oi 
peat,  bituminous  cool,  lignite,  coaly  or  bituminous  shales,  most  viscid  bitumens,  wood-tai, 
Bnd  many  other  Gubstaocea. 

The  name  is  from  the  Latin  parum,  litUe,  and  ij!Sf]u,  allodiag  to  the  feeble  affini^  for  otiiN 
■abstances,  or,  in  other  words,  its  chemioal  indiSerenoe. 

To  the  Paraffin  <>roup  belong  : 

UupitTniTK. — Consistency  of  aoft  tallow.  Melting  point  89°  0.  Soluble  in  oold  ethei, 
Utpeth  Oollierr. 
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Hatchbttitb. — In  thin  platei  or  maaslTe.  Color  yeUowiah,  or  graeiiidli-vUto ;  blftdOM 
DD  exposure.    Uelting  point  46*0.    In  tlie  oo»l-meMuiea  of  oUmoigaiuhii« ;    Boaaits, 

Ozocerite. — lA^  wax  or  apermaoeti  in  appsaranos  and  oonautonoj.  Q.  =0'8IM)'0O. 
Oslorleas  to  vliite  when  pute ;  often  leek-green,  ;ellowisb,  brownlah-jelloir,  brown.  Tisus 
Ituent.  Gieaaj  to  the  touoh.  Fasing  point  56°  to  69°  C.  Oocun  in  beds  of  ooal.  or  asaoci- 
atod  Litamiujtudepoeita ;  that  of  Bla^ik.  Holdaiiu.  beneath  a  bed  ot  bituminooB  claj  shale ; 
in  mowea  of  ftometimeH  80  to  100  lbs.,  at  the  foot  of  the  CarpBthiana,  not  far  from  beds  of 
ooal  and  salt;  that  of  Boryalaw  in  a  biluminons  cdaj  aBsociated  with  calciCerona  beds  in  tha 
formation  of  the  Corpathiaci,  in  masBea.  The  same  compoand  has  been  obtained  from  mine- 
ral ooal,  peat,  and  petrolenm,  mineral  tar,  etck,  b^  destruotiTe  dintiUatiOD.  Named  from  ifu, 
mtuli,  and  ntpic,  wax,  in  allnaion  to  the  odor. 

E1.ATEIUTE. — Hsasive,  soft,  elastic;  often  like  indift-nhber,  thoafrh  sometimes  hard  and 
brittle.  It  is  found  at  Caatleton  in  Derbyshire,  iu  tiie  lead  mine  of  Odin,  alon^  with  lead  ora 
•nd  calcite.  in  compaot  reniform  ot  fungoid  masses,  and  ia  abnndant  Also  re^)rted  tiom  St. 
Bernard's  Well,  Edinhnrgh,  etc 

ZiBTBiBiKiTB  and  Pt]iopib8Itb  belong  here. 


(0)  The  Camphene  Series.    General  Formnla  Cn'B^_,. 

FiCHTBLiTR.  —In  white  monocliulo  arTstala.  Brittle.  Solidifies  at  86*  C  Soluble  in  ether. 
The  mineral  ocours  in  the  form  of  ihining  scales,  flat  arystals,  and  thin  luj^n  between  tba 
rings  of  growth  and  throughout  the  texture  of  pine  wood  (identical  in  speciea  with  the  modem 
Ptntu  ipiiiMiru)  from  peat  beds  in  the  vicinity  of  Eedwitz  in  the  Fichtelgebirge,  Noril) 
BaTaria.     In  peat  naBT  Sobealaa;  in  a  log  of  Pinus  Australia. 

Habtitei. — Besembles  Achtelite,  bat  melts  at  74°-75°  C.  Fonnd  in  a  kind  of  pine,  like 
flohtelite.  but  of  a  difFereut  speries,  the  Pmet  aeeroia  Unger,  belonging  to  an  earlier  geoli^oal 
epoch.  From  the  brown-coal  beds  of  Oberhart,  near  Olo^^iti,  not  far  from  Viennft.  Bepmted 
also  from  Bosenthal  near  Kiiflauh  in  Btyria,  and  Prfivali  in  Carinthia. 

DmiTE  and  Ixoltte  belong  here. 


(rf)  The   Benzole   Series,     General   Formnla   C„H^_».      Including   the 
Benzole  liquids  and  K5nlitb  from  Uznach,  and  Bedwitz. 
(«)  The  Naphtlialiu  Series.     General  B'orranla  CnHai_a. 

Naphthalin. — Occnra  in  Bsngoon  tar.  Idrialite,  oiystaJline  in  the  pure  state.  Oolor 
white.  In  nature  found  only  impure,  being  mixed  with  cinnabar,  da;,  and  some  pynte  and 
gypanm  in  a  brownish- black  earthy  material,  called  from  ita  combustibility  and  the  presence 
of  meicui7,  ir^fiamtTuiMe  dnnabar  (Qaeeiciilberbranden),  Idria,  Spain.  Abaootitb,  from 
New  jUnuiden  Mine,  Cal.i  la  related  Co  idrialite. 


2.  Tlie  OxvoENATED  HYDttocAEBONS  embmce  different  gronps  harjng 
ratios  of  C  :  11  varying  from  1 :  2  to  5  :  54,  or  lees.  Some  of  the  more 
important  ai-e : 

Orocbritb.  Wax-like.  Color  white.  Melting  point  near  80°  C. ;  after  fusion  solIdiflcMu 
B  yellowish  wax,  hard  but  not  very  brittle.  Soluble  in  alcohol  of  80  p.  o.  C,.Hi,Oi= Carbon 
79-24,  hydrogen  1321,  oxygen  7-85  =  100.  From  the  same  dark-bnmm  brown  cool  of  0«eter- 
witz  that  afforded  the  geomjricite,  and  from  the  name  solution. 

OEnHVHicrrE. — Wax -like.  Obtained  in  a  pulverulent  form  from  a  solution,  the  gToine  ocm- 
sisting  of  adcular  oiystals.  Color  white.  Melting  poiot  80'-83''  C.  After  fusion  has  the 
aspect  ot  a  yellowiith  brittle  wax.  Soluble  easily  in  hot  absolute  alcohol  and  ether,  bot 
il^;htly  in  alcohol  of  80  p.  o.  C„H.sOj  =  Carbon  «0S9,  hydrogen  1848,  oxj^eu  5-BB=:100. 
Burns  with  a  bright  Dame.  Ooonis  at  the  Gesterwita  brown  coal  deposit,  in  a  d(H^  frfvwa 
layer. 
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StrOClNITJbL    Ambac    Bno^  Ambie,  Fr.    Bemteln,  Qtm. 

In  irrueiilar  iD&saes,  without  cleavage.  H.=2-2-S.  G'.=l-0t!6-l-081. 
Lostre  reaiiiouB.  Color  yellow.  BometiiiieB  reddish,  browniBli,  and  whitish, 
of  teu  clouded.  Streak  white.  Traneparent — traiiBlnceiit.  Tasteless.  Elec- 
tr>c  oil  friction.     Fuses  at  iiST"  C,  hut  without  becoming  a  fluwiug  liquid. 

Oomp,— Kstio  for  C  :  H  :  0=40  :  M :  4=CMboii  78(14,  hydroffen  lO'SS,  oiTeen  1058= 
100.  Bat  amber  is  not  a.  aimple  resin.  Acoording  to  Benolini,  it  oonsists  maiclj'  (85  to  00 
p.  o,)  of  a  resin  whioh  resiatB  all  solvents  (properly  1}ie  i^eeiM  sucmnite),  along  with  two  othet 
resins  soluble  in  alcohol  uid  ether,  an  oil,  and  21  to  S  p.  a  of  suocimo  aoid.  Amber  is  hardly 
Bated  on  by  alcohol.  Bums  readilj  with  a  jelluw  flame,  emitting  an  agreeable  odor,  and 
ICKTes  a  black,  shiniDg-,  carbonaceous  residue. 

Oba. — Occurs  abundantly  on  the  Fmssian  ooast  of  the  Baltic ;  oconrring  from  Daotdg  to 
Uemel ;  also  oo  the  coast  of  Denmark  and  Bireden ;  in  Galioia,  near  Lemberg,  and  at  Uisian ; 
In  Poland ;  in  HoraTia,  at  Boakowits,  eto.  ;  In  the  Urals,  Bussia  ;  near  (JhrintianiB,  Norway ; 
in  Switieiiand.  near  Bale;  in  France,  near  Paris,  in  day.  In  England,  near  Loudon,  Eind  on 
Uie  coast  ct  Soifolk,  Essex,  ond  SaSolk.  Jn  Tarione  porta  of  Aua.  Also  near  Catania,  on 
the  Sicilian  coast.  It  has  been  found  in  Torious  ports  of  the  Oreen  sand  formation  of  the 
United  States,  either  loosely  imbedded  in  the  soil,  or  e[^:agod  in  marl  or  lignite,  os  ot  Oaj 
Bead  or  Martha's  Vineysrd,  near  Trenton,  and  also  at  Uamden  in  New  Jersey,  and  at  Cape 
Sable,  near  Hogothy  river  in  Uaryland.  In  the  toyal  moBeom  ot  Berlin  there  is  a  moss 
weighing  18  lbs.  Ariother  in  the  kingdom  of  Ava,  India,  is  nearly  as  Inrge  as  a  child's  head, 
and  weighs  2}  lbs. 

It  is  now  fully  ascertained  Uiat  amber !«  a  Testable  resin  altered  by  fossil iuiti on.  This 
is  inferred  both  from  ite  native  situation  with  coal,  or  fossil  wood,  and  fiolD  the  oicurrenca 
of  Inseclii  incased  in  it.  Of  these  inKectn.  some  appear  evidently  to  hove  atrng-gled  afler  being 
entangled  in  the  then  viscous  fluid  ;  and  ocousionall;  a  leg  or  a  wing  is  found  some  distance 
bom  the  body,  which  hod  been  detached  in  the  effort  to  escape. 

Amber  was  early  known  to  the  anoients,  and  called  v/»t^hi',  ^»ctrum,  whence,  on  aooount 
of  its  electrical  susceptibilities,  we  have  derived  the  word  dtctridts.  It  wan  named  by  some 
tyncurium,  though  this  name  was  applied  by  Theophrastus  also  to  a  stone,  probably  to  sircon  oi 
tourmaline,  both  minerals  ot  remarkable  electrical  properties. 

Other  related  resins  are:  Copalitb  {Tetinite  pt.)  from  Highgote  Hill,  near  London; 
KHAKi-ziTU,  Nienburg;  Walcuowitb.  Walchow,  Moravia;  Ahuiutk,  N.  Zealand;  Bato- 
VILLITE,  occurring  in  the  larbarult,  or  Boghead  coo]  of  Bathville,  Scotland;  toibaiititii 
related  to  iL     Sikobcroite,  bCfiRAcrtTs,  AMHKOSISii,  Doxitb. 


XTLonKTiSiTB  (hortine).— C  !  H  :  0=40  :  64  :  4.  Boubiccitb,  C  ;  H  :  0=13  :  7  :  1,  in 
lignite  in  the  valley  of  the  Amo,  Toscony.  LKCOOPKTlttTlL  C  :  H  :  0=10  :  84  ;  3.  Oes- 
terwits,  near  Weissenfels.  Euobmitb.  C  :  H  :  0=34  :  39  :  3,  from  the  brown  coal  at  Baierslud 
In  tbe  Fichtelgebi^^  Bokthoriiitb.  C  :  H  :  0=24  :  40 :  1.  In  coal  at  fionnberg,  Carin- 
thia.     Tbe  a^e  spedea  are  MluUe  In  ether. 

BCLERHTWITB.— C  :  H  ;  0=40  :  M  :  4.     Insolutda  in  ether.    Wgan,  England. 


IT  less.     loBoln- 
a  remarkable  in  containing  sulphui,  replacing  part  of  thi 

The  Acu)  OxTOESATEo  IItdbooabbonb  iadnde  Butjrellite  (Boghutter)) 
Sncvinellite,  Dopplerite,  etc,  etc. 
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APPENDIX   TO  HTDEOCARBONS. 

ASPHAIiTUUL    Bitumen.    Asphalt,  Uioerul  Pitoli.    BoiBpedh,  E  -dpeoh,  Qttm. 

Aephaltum,  or  mineral  pitch,  ib  a  mixture  of  different  hvdrocarboDs,  part 
of  whidi  are  ox^'genated.     Its  ordinary  characters  are  as  rollows: 

Amorphous.  (i.=l-l"8 ;  sometimes  higher  fi-om  impiiritieB.  Lustre 
like  that  of  black  pitch.  Color  browiiish-biack  aiid  black.  Odor  bitnmi- 
DOHB.  Melts  ordiuarily  at  90°  to  100°  C,  and  burue  with  a  bright  ilame. 
Soluble  mostly  or  wholly  in  oil  of  turpentinCj  and  partly  or  wholly  in  ether ; 
commonly  paitly  in  alcohol. 

The  more  solid  kinds  graduate  into  the  pittasphalts  or  mineral  tar,  and 
through  tliese  there  is  a  gradation  to  petroleum.  The  fluid  kinds  change 
into  the  solid  by  the  loss  of  a  vaporizable  portion  on  exposure,  and  also  by 
a  process  of  oxidation,  which  consists  iirst  in  a  loss  of  hydrogen,  and  finally 
in  the  oxygenation  of  a  portion  of  the  mage. 

Oba. — Aspboltnin  belongs  to  rocks  of  no  piLrticalar  ag«.  The  most  abnndnnt  depoaitli  an 
■apeTGcial,  But  theeo  are  geiier&ll/,  if  not  always,  counscted  witli  rock  depoaiCB  containing 
■ome  kind  of  bilumitioaa  materia!  or  regetabla  remains. 

Some  of  the  noted  localitiea  of  asphaltum  are  the  r^on  of  the  Dead  Sea,  or  Lake  Aspbal' 
btes.  on  Triuidnd ;  at  various  plaoes  in  S.  America,  us  at  Caxitanibo,  Peru ;  at  IJerengela, 
Peru,  not  far  from  Arica  (S.) ;  in  Califoruin,  near  the  coast  of  St.  Barbara.  AUo  in  eniallel 
qaantities,  Bornetimes  disseminated  through  Bholc,  and  sondBtone  rocks,  and  occaniouaLy  lime- 
■tones,  or  collected  in  cavities  or  seama  in  these  rocks;  near  Matloek,  Derbjsbire ;  Fotdica 
mine  in  Cornwall ;  Val  de  Travers,  N'euchatel ;  impregnating  dolomite  on  the  ialiuid  o(  Btatia 
in  Dalmatia ;  in  the  Cancasos  ;  in  gneiss  and  mica  achist  in  Sweden. 

The  following  Bubfitances  are  oloaelj  related  ta  osphaltum,  and,  like  it,  an  mixCnres  of  on- 
deteimined  carbohydrogeDS. 

Graiiauitk,  WurtM,  —BeseDibles  the  preceding'  in  its  pitch-black,  lustiouB  appearance ;  H. 
T^S;  0,  =:l-14<'i.  Soluble  mostly  in  oil  of  turpendna ;  partly  in  ether,  napbtha.  or  beniole  ; 
not  at  all  in  alcohol ;  wholly  in  chloroform  and  carbon  dlBulphide.  "So  action  with  alkalies  ol 
hot  nitric  or  hydrochloric  acid.  Melt?  only  imperfectly,  and  with  a  deoomposiiion  of  ibe 
sorface  ;  but  in  this  state  Che  interior  may  be  diawn  into  Inng  threads.  Occurs  in  W.  Vv- 
ginta.  about  30  m.  in  an  air  line  S.  of  Parkersburg,  filling  a  flaiuie  (shrinkage  BssDTe}  in  ■ 
aandBtone  of  the  Carboniferous  formatioD ;  and  supposed  to  be,  like  the  albeitite,  an  inq«>- 
Mted  and  oiygenated  petroleum. 

A1.BEUTITB,  l{(Mi.—T>\SetB  from  ordinary  aaphaltnm  in  being  only  partially  soluble  in  oO 
of  torpentine,  and  in  its  very  imperfect  fnaiou  when  heated.  IthosH.  =  1-^;  Q.  =  1'0E>7; 
loBtre  brilliant,  pitch-like ;  color  jet-black.  Softens  a  little  in  boiling  water ;  in  the  flame  VL 
■  candle  shows  incipient  fusion.  According  to  imperfect  determinations,  only  a  trace  soluble 
in  alcohol ;  4  p.  o,  in  etjier;  30  in  oil  of  turpentine.  Occurs  filling  an  irregular  fiaania  in 
cocks  of  the  Subcaiboniferons  age  (or  Lower  Carboniferous]  in  Nova  Scotia,  and  is  leguded 
M  an  inspissated  and  oxygenated  petiolenm.  This  and  the  above  are  Tsry  valuable  in  ga>- 
making. 

PiAUZiTR. — An  asphalt-like  snbstanoe.  remarkable  for  its  high  melting  point,  315°  C.  11 
oocars  slaty  massiTs;  color  brownish-  or  gre*nish-black  ;  tbin splinters  colophon ite-biown  by 
transmitted  light ;  streakligbt  brown,  amber-bron-n  ;  H.=l-B;  G.  =  1-220;  1180,  Kenngott 
It  comes  from  a  bed  of  brown  ooal  at  Piauie,  near  Neustadt  in  Camiola ;  on  Mt.  Chum,  new 
Tfiffer  in  Btyria 

WOLT.ONOoNarrB,  SiHiinan. — Occurs  in  cubic  blocks  without  lamination.  Fracture  broad 
oondioldal.  Color  greenish-  to  brownitdi-black.  Lustre  resinone.  In  Uie  tut  e  dees  D3t  melt, 
bat  decrepitates  and  giveaoff  oil  and  gas  '  yields  by  dry  distillation  82 '6  p.  c  volatile  matter 
Inaolnble  in  ether  or  beniole.     New  Boutn  Wale*. 


HTltEOOAKBON   COMPOUMDS. 


BUHBRAL    QOAI. 


Hie  diBtingnishmg  characters  of  Mineral  Coal  are  as  f uUotts  :  OompaLt 
masaive,  without  crydtalliiio  Btritcttire  or  cleavfu;e;  Boinetiines  breaking 
with  a  degree  of  regularity,  but  from  a  jointed  rather  tlian  a  cleavage  struc- 
tare.  Sometimes  laminateJ ;  often  faintly  and  delicately  banded,  euccessivfl 
layers  differing  slightly  in  lustre. 

H.=0-5-2'5.  G.=l-l-80.  Lustre  dull  to  brilliant,  and  either  earthy, 
resinous,  or  snlimetallic.  Color  l)lack,  gravish-lilack,  brownish-black,  and 
occasionally  iridescent;  also  sometimes  dark  brown.  Opaque.  Fracture 
conchoidal — uneven.  Brittle;  rai-ely  somewhat  aectile.  Without  taste, 
except  from  impurities  present.  Insoluble  or  nearly  bo  in  alcohol,  ether, 
naphtha,  and  benzole.  iDfiisible  to  eubf usible ;  but  often  becoming  a  soft, 
pliant,  or  paste-like  mass  when  heated.  On  distillation  most  kinds  afford 
more  or  less  of  oily  and  tarry  substances,  which  are  mixtures  of  hydrocar- 
bons and  parafiin. 

Mineral  coal  is  made  up  of  different  kinds  of  hydrocarbons,  with  perhaps 
in  some  cases  free  carbou. 

Tar. — The  Tariations  depend  partly  {1)  on  the  Moount  of  the  volatile  ingredients  afforded 
on  deatractive  destillation ;  or  (2)  on  the  nature  of  the»e  volatQe  cotnponnda,  for  iDgredienta 
of  umilar  composition  may  differ  widely  in  volatility,  etc  ;  (3)  on  stmctare.  lusCre,  and  other 
pbyaicai  charactets. 

1.  AsTUKACiTB.  H^a-2-5.  (J.  =  l-83-I-7,  Pennsylvania;  1'81,  Rhode  Island  ;l-29-l-88. 
South  WaleH.  Lustre  bright,  often  gubinetallio.  iron  blaok,  and  frequently  iridescent,  Frao- 
tuie  oonohoidal.  Yolatile  matter  after  diying  8  to  U  p,  o.  Bums  with  a  feeble  flame  of  a  pale- 
oolor.  The  nDthraoites  of  Pennaylvunia  contain  ordinarily  85  lo  03  per  cent,  of  oarbon  j  those 
of  South  Wales,  88  to  85  ;  of  France,  80  to  83;  ot  Saxony,  81  ;  of  southern  Russia,  some- 
tlmea  Hi  per  cent.  Anthracite  graduates  into  bitaminoos  coal,  beooniing  less  hard,  and  con- 
taining more  volatile  matter ;  and  an  intermediate  vnrioty  is  called  free-iurning  anthracite. 

BrruuiHoua  Coals  (Steinkoble  pt.  Germ.).  Under  the  head  of  Bituminous  Cools,  a 
number  of  kinds  are  included  which  diflsr  strikingly  in  the  action  of  heat,  and  which  there- 
fore are  of  unlike  constitntion.  They  have  the  common  characteristic  of  burning'  in  tbe  fire 
with  a  yellow,  smoky  Qame,  uid  giving  out  on  distillation  hydrocarbon  oils  or  tar,  and  hence 
the  name  biluminoui.  The  ordinary  bituminous  coals  contain  from  li  Iji  II!  p.  c.  (rarely  1(1  oi 
17)  of  oxygen  (ash  excluded) ;  while  the  so-called  brainn  coal  or  lignite  contains  from  30  to 
86  p.  c,  after  the  eipnlslon,  at  100'  C.,  of  15  to  86  p.  o.  of  water.  Tbe  amount  ot  hydrogen 
in  each  is  from  4  to  7  p.  c.  Both  have  nsunlly  a  bright,  pitchy,  greasy  lustre  (whence  often 
called  Fee/UcoMe  in  Oerman],  a  firm  compact  texture,  are  rather  fragile  compared  with  anthra- 
cite, and  have  Q.  =  llH-40.  The  bnneti  coals  have  often  a  brownish -blnck  color,  whence 
the  name,  and  more  oxygen,  but  in  these  respects  and  others  they  shade  into  ordinary  bitu- 
minous coals.  The  ordinary  bltaminouB  coal  of  Fennsylvanta  has  O.  =1 -2lt--l'37;  ot  New- 
castle, Bnghmd,  137;  ot  Scotland.  r37-l'33;  ot  France,  1-3-1 -33;  of  Belgium,  1-27-1-a. 
The  most  prominent  kinds  are  the  following: 

2.  Cakino  Ooxi..  a  bituminous  ooal  which  softens  and  becomes  pasty  or  semi-viscid  in 
tbe  fire.  This  softening  takes  place  at  the  temperature  of  incipient  decomposition,  and  is 
attended  with  tbe  escape  ot  bubbles  of  gon.  On  increasing  the  heat,  the  volatile  products 
which  result  from  the  ultimate  decomposition  of  the  softened  mnas  ore  driven  off.  and  a 
ooherent.  gray lah -black,  oeUnlor,  or  fntted  mass  (wke)  is  left.  Amount  of  coke  left  (or  part 
not  volatile)  varies  from  SO  to  8.5  p.  c.     B//erile  is  from  Middle  Park,  Colorado. 

8,  Non-Cak[no  Coal.  Lite  the  preceding  in  oil  eitenial  characters,  and  often  in  ultimate 
oomposition  ;  bat  burning  freely  without  softening  or  any  appearance  of  incipient  fusioo. 

4.  Cannes  Co ai.  (Parrot  Coot).  A  variety  of  bituminous  coal,  and  often  coking;  batdil. 
lering  from  the  preceding  in  texture,  and  to  some  extent  in  compositiin,  as  shown  by  its 
prodoota  on  distillation.  It  is  compaot.  with  little  or  no  lustre,  and  without  any  appearanoe 
of  a  banded  straoture ;  and  it  breaks  with  a  conchoidal  fracture  and  emooth  surfaces;  ootcc 
dull  black  or  grayirh-bluok.  C^  distillation  it  affords,  after  drying,  40  to  00  d  volatile  mab- 
tai,  and  the  material  volatQlud  luolndee  a  large  proportion  cf  boming  ud  labricatiii|'  uila, 
27  r„1„..v,wi.^ 
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mnch  lu^ei  t1i«n  the  abore  Idnda  of  bitaminoiia  ooal ;  whvnoe  it  u  ezteDrirdy  nMd  for  fhe 

mAnnfannra  of  such  oils.  It  graduatM  into  oU-prodndng  oool;  ahftlea,  tha  morr  oomp&ot  (d 
which  it  mnch  regemhie*. 

0.  ToRDANrrc  A  Tatietj  of  oatmel  coal  of  a  dark  bromi  color,  jellowlith  Htreak.  without 
Iubcto.  having  a  mbconcboidal  fracture;  H.=235i  6.=:ri7-l-a.  Yields  over  60  p.  o.  of 
Tolutile  matter,  and  is  aned  for  tha  prodnction  of  burniug  and  lubricat[ng  oils,  paraffin,  illu' 
minating  ffas.  From  Torbane  UiU,  near  Bathgate  in  Linlithgowshire,  Scotland.  ALio  called 
Boghead  GnnnA, 

ft.  Bkowk  Coal  (Braunkohle  Germ,.  Peohkohla  pt  Orrm.,  Lignit«\  The  promiDent 
diaTOQteTislioa  of  brown  ooal  have  alread.v  been  mention'H).  They  nre  oon-caking,  but  affoid 
klarKe  proportion  of  voUtiie  matter      They  are  sometimen  pilch-btnck  (whence  Pechkohle 

fit,  OeriJl.).  but  often  rathec  dull  and  browni.ih-b1ack.  Q.  =  riS-l':l ;  Bometimes  higher  from 
raporities.  It  is  oooasionail?  somewhat  lamellar  in  structure.  Brown  coal  jh  often  oalled 
Hgnitt.  But  this  term  is  Bometimes  restricted  to  masees  of  rosi  which  still  retain  the  form  of 
the  vrigioal  wood.  Jet  is  a  black  variety  of  brown  coal,  compact  in  texture,  and  taking  ■ 
good  polish,  wtienoe  its  use  in  Jewelry, 

7.  EARTitT  Brown  Goai,  {Srdige  BraunkMt)  is  a  btown  friable  mstrrial,  sometimea  form- 
ing l^ers  in  beds  of  brown  coal.  But  it  ia  in  general  not  a-  true  ooal,  ft  considerable  part  of 
It  bemg  soluble  in  ether  and  benzole,  and  ottMi  even  Id  alcohol;  beddesaSordint'lai^jof 
oDs  and  paraffln  on  distjllatioii. 

Oomp^— Most  mineral  co«l  cooslsta  munly,  as  the  best  chemists  dow  hold,  of  oeespauited 
hf/droearifmt.  Besides  oxygenated  hydrocarbons,  there  may  also  be  present  niiajie  hgdrvtar- 
bon»  (that  is.  containing  no  ozygen). 

SiUphur  it  present  ia  nearly  ail  coals  It  i^  supposed  to  be  usually  combined  with  iron, 
■ad  when  the  coal  all  irds  a  red  a*!i  on  bumiog.  there  is  reason  for  believing  this  true.  Bnt 
Feroy  mentions  a  cool  from  New  Zealaud  (anal.  18)  which  gave  a  peculinrly  white  ash, 
althou^  oontaimng  2  to  3  p.  c.  of  sulphnr,  a  foot  showing  that  it  is  present  not  as  a  milphide 
of  Iron,  but  as  a  coostitaeat  of  an  organic  compaund.  The  discovery  by  Church  of  a  re^ 
•ontaiiiing  sulphur  (see  Tasuakitb,  p.  41G),  gives  reason  for  iulerring  that  it  msy  exist  in 
tiiis  coal  in  that  state,  although  it*  preeence  an  a  constitnont  of  other  organic  compounds  is 
quit*  possible. 

The  chemical  relations  of  the  different  kinds  of  coals  will  he  understood  from  the  fcdlow- 
lii(  analyses: 

L  Anthradte,  B.  Wales 

8.  Caking  Coal,  Northumberland 

8.  Non -Caking  Coal,  Zwiokan 

4  Cannel  Coal,  Wigan 

S,  Torbanite,  Torbane  HUl 

S.  Bmwn  Coal,  Meissen,  Sax. 

Coal  oooura  in  beds,  interstratifled  witli  shales,  sandstones,  and  conglomeratea,  and  somo- 
times  limestones,  forming  distinct  layers,  which  vary  from  a  fraction  of  an  inch  to  StO  feet  ai 
more  in  thickness.  In  the  United  States,  the  anthracites  occnr  esst  of  the  Alleghany  ntnge, 
in  rocks  that  have  undergone  great  contortions  and  fractorings,  while  the  bituminous  are 
found  farther  welt,  in  rocks  that  hare  beeu  less  disturbed  ;  and  this  fact  and  other  obaerra- 
tions  have  led  some  geologists  to  the  view  that  the  anthracites  have  lost  their  bitomen  by  the 
Action  of  beat.  The  rrrigtn  of  coal  ia  mainly  vegetable,  thongh  animal  life  has  oontributad 
•omewhat  to  the  result.  The  beds  were  ouoe  bedii  of  vegetation;  aaaljgoun.  in  most  reepeots. 
Id  mode  of  formation  to  the  paat  tteds  of  modem  times,  yet  in  mode  of  burial  often  of  a  veij 
different  charoc-er.  This  vegetable  origin  is  proved  not  only  by  the  occurrence  oF  (he  leave*, 
stems,  and  logs  of  plants  in  the  coal,  hut  also  by  the  preeence  throughout  its  texture,  in 
many  cases,  of  the  forms  of  the  original  fibres;  also  by  the  diiect  obeervation  that  peat  ia 
ft  tiutsition  state  between  unaltered  vegetable  debris  and  brown  coal,  being  sometimes  found 
p*"'"g  oomplet«ly  into  true  brown  coaL  PfU  differs  from  tme  coal  in  want  of  homo- 
geneity, it  visibly  containing  vegetable  fibres  only  partially  altered  ;  and  wherever  changed 
to  a  flne-lextured  homogeneous  material,  even  tboogh  hardly  oonaolidateil,  it  may  be  tma 
brown  00*1. 

Extenuve  beds  of  mineral  ooal  oconr  in  Qreat  Britain,  oovering  11.850  square  mQea;  la 
Vranoe  about  I.TIQ  *q.  m. ;  In  Spain  about  3,406  sq.  m. ;  ia  Belgium  G18  sq.  m. ;  in  Kether- 
l*nda,  PruBua,  Bavaria,  Austria,  northern  Italy.  Silesia,  Spain,  Itussia  on  the  south  near  th* 
Asof ,  and  also  in  the  AltaL     It  is  found  in  Asia,  abundantly  in  China.  et«. ,  etc 

In  the  United  State*  there  are  four  separate  ooal  area*.  On*  of  these  areas,  the  A[q>al« 
■hlan  ooal  field,  eommeno**  on  thenortli,  in  Penmylvanla  and  *outheaBfaim  Ohio,  and  BW**p 
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iog  Roath  over  waHtem  Tirginl*  Bod  Mutero  KentncJc;  and  TennBaHie  to  the  west  of  th« 
AppalaobUas,  ai  parti?  Involved  in  their  ridges,  it  ooDlimies  to  Alabama,  nsar  Tnacaloosa, 
where  a  bed  of  ooal  has  been  opened.  It  has  been  estimated  to  oover  60.000  «)■  m.  A  oec- 
ond  cool  area  (the  Illinois)  lies  adjoining  the  Uisaisaippi,  and  covers  the  larger  psjt  of  Illinaia, 
thoDgh  mnch  broken  into  patches,  and  a  small  northweHt  part  of  Eentuclcy.  A  third  ooTen 
the  centni  llortioQ  of  Michigan,  not  fai  from  G,000  sq.  in.  in  area.  Beddea  these,  there  Is  s 
smalloi  oool  T^oa  [a  fourth)  in'  Kbode  Island.  The  total  area  of  workable  ooal  iiieasnres  in 
the  United  States  is  abont  125,000  sq.  m.  Out  of  the  borders  of  the  United  Stataa,  on  the 
northeast,  oommenoea  s  Sfth  coal  ares,  that  of  'Soy*  Bcoii»  and  New  Bmnswick,  which 
oovers,  in  connection  with  that  of  Newfoundland,  18,000  sq.  m. 

The  mines  of  western  PennsylvaDia.  those  of  the  StAtas  west,  and  those  of  OnmberUnd  or 
ProstbnrK,  HairUnd,  Bkihniond  or  Ohe«terQeld,  Va. ,  and  other  minea  Gonlli,  are  bUmnlaotu, 
Thote  of  esstem  PumsrlTania  constituting  several  detached  areas— one,  the  SAvj^ktU  ooal 
field — another,  the  Wyoming  coal  field— those  of  Rhode  Itland  and  Haaaachnsefs,  and  tome 
patches  in  Ti^Cinia,  ta«  atithradU:  Caunel  ooal  Is  found  near  ClreeDBbutg,  BoBTar  Co.,  Fa., 
in  EenawhaCo  ,Ta..atPejtana.  etc  ;  also  in  Eentnckf ,  Ohio,  Illinois,  Missonrl,  ftod  Indiana; 
bnt  part  of  the  so-called  canne!  is  a  eoalj  shale. 

Brown  cosl  oomes  from  coal  beds  more  recent  than  thooe  of  the  Carboniferous  sge.  Bnt 
much  of  this  more  reoent  ooal  is  not  distingnishable  from  oUiei  bitniniuona  ooals.  The  coal 
<rf  Richmond,  Virginia,  is  supposed  to  be  of  the  Llaaaio  or  Triaaaio  era;  the  oool  of  Brora,  In 
Sntherlsnd,  andofOriathorpe,  Yorksh)re,isOoliticlnsge-  Cretaceous  ooal  ooonrs  on  Tan- 
•oavei  lalnnd,  and  CretaceoDt  and  TerUtuj  coal  in  niMiy  plaoea  orer  t^e  Bookf  Monnteina, 
when  ■  "  Ugnitio  fonwtioa  "  la  TMX  I'i^^  diablbntad. 
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PART   III.— DESCRIPTIVE    MINERALOGY. 

SUPPLEMESTABY   CHAPTER.* 

Abkuchanite,  Heddle. — A  ftoft  blue  clay-like  snbstance,  filling  seams  and  cftTities  in 
granite.  Probably  near  croeidolite  (p.  298)  in  composition.  Prom  the  AbtiBchan  distrid 
near  Iioch  Ness,  ^^otlond. 


Lostre  metallii:.     Color  whitish  lead-gray. 


Ambltoonitb,  p.  880.— Penfiold  has  analyzed  specimens  from  Penifr.  Montebms,  Ilebron 
and  Auburn,  Mo,,  Branchville.  Ct.  (Ineladinc  "hebronite"  and  "  raontebraailfi "|.  He 
shows  that,  while  the  varieties  vary  Irotn  F  ir26.H,0  TTo  iaone  sample  Co  F  175,  11,0  eill, 
in  another,  they  ail  conform  to  the  general  formula:  AI,PiO,  +  BEtP.OH),  differing  only 
in  the  extent  to  whleh  the  hydroxyl  replaces  the  Quorine. 

Amphibolb.  p.  390.— A  variety  containing  only  09  p.c.  MgO,  has  been  called  bergamaa- 
kite  by  Lucchetti.     Oceurs  in  a  homblendo  porphyiy.     Mont»   Altino,    Bergamo.   Italy. 

PMaclinile  (Bertels)  is  a  chloritie  alteration  product  from  a  rock  called  isemte.  Nassan, 
Germany. 


according  to  Bamberger. 

silver  auttraonide 

AnnkkCdite.  Brrigger. — A  rare  (x>lambatc,  almost  identical  with  samarskite  in  composi- 
tion, but  in  form  very  near  columbite.  From  a  pegmatite  vein  at  AnncrOd,  near  Hoee, 
Norway. 

Apatite,  ji.  864. — Large  deposits  of  apatite,  affording  sometimes  eigantic  crystals,  and 

sometimes  mined  for  commercial  purposes,  occur  in  Ottawa  County,  Quebec,  Canada  ;  also 
large  crj-stals,  with  zircon,  titanite  and  amphibole  in  Renfrew  Countv,  Ontario,  and  else- 
where ;  there  are  similar  deposits  at  Kjnrrcstad,  Bamie,  Norway.  A  variety  from  San 
Hoque,  Argentine  Hepublio,  containing  (I'T  p.c,  MnO,  has  been  called  manganrtpaiiU  bv 
Siewert.  Penflcld  found  106  p.c.  MnO  in  a  bluish-green  specimen  from  Bronchville,  CL 
Pseudo-hexagonal,  Mallard,  see  p.  187. 

*  Tar  fuller  deaerlpthHU  of  oaw  ipeGlea,  Tetennc«a  lo  origin*!  paper*,  etc.,  hs  Appendlic  III.  (188^,  Bfitem 
«( lliiMnlogj. 
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J  prehnite,  prismaUc  angle 


Aeftedsonite,  p.  S98.— Occura  with  zircon  and  astrophjllite  in  £1  PaBO  Co.,  Colorado. 


dBSENABAEHTiTE,  Hannay. — An  uncertain  Bilver  arsenide  of  doubtful  Be 

ASTBOPBTLUTE,  p.  818. — Referred  to  the  triclinic  system  hj  BrOgger  ;  properly  a  mem- 
ztTcon  in  El  Paso  Co.,  Colorado. 
—An  alteration  product  of  t«norite  at  Vesuvius  ;  near  ata- 

Atopite,  NonienstiOld,— In  isometric  octahedrons.  H.  =  5-6-C,  G.  =  608.  Color  jellow 
to  brown.  Composition  essentially  CaiSb,Oi  (near  romeite).  Imbedded  in  hedypliano  at 
Ii£ngban,  Sweden. 

AuTUNiTE,  p.  870.— Monoclinio'<or  triclinlo),  according  to  Btezina. 

Baltkatdite,  Ileddle.— a  donbttol  substance  having  a  sacchoroidal  Btmcture,  and  pale 
purplish  brown  color.  G.  =  2-9,  An  analysis  gave,  SiO,  46  04,  Al.O,  8011.  Ve,0,  iSZ. 
HnO  0-79,  MgO  8-30,  CaO  1847,  Na,0  2-78,  K,0  1-86,  H,0  4-71  =  lOOOa.  In  limestone 
at  Balvraid,  fnvemees-sbire,  Scotland. 


Bartute,  Blomstrand.  — In  groups  of  prismatic  omtals.  Two  distinct  cleavagee  (84°). 
H.  ^7-  G.  =  4'Oe.  White.  BB.  infusible.  A  silicate  of  aluminum  and  barium  (46 
p.c.  BaO).     In  liineetone  at  L^gban,  Sweden. 

Beeoerite,  Kunig. — In  elongated  isometric  cmtals.  Cleavage  cubic.  G.  =7'278. 
Color  gm-.  Lustre  metallic.  Composition,  flPbS  +  Bi.S.  =  8  14-78,  Bi  21'86,  Pb  68-84 
=  100.     From  the  Baltic  Lode,  Park  Co.,  Colorado. 

Bertl,  p.  299. — Psendo-heiagonal,  according  b 

A  variety  in  short  prismatic  to  tabular  crystals 
LocaUty,  Elba. 

Pound  (W.  E,  Ridden)  in  fine  crystals  of  large  size  (to  10  inches  in  length),  and  emerald 
color,  in  Alezandet  Co.,  N.  C,  also  in  highly  modifled  crystals  of  pale  green  color. 

BBRZEurrE. — This  arsenate  from  LSngban,  Sweden,  is  isometric  according  to  Singren  ; 
honey  to  sulphur  yellow,  lustre  resinous,  Lindgren  regards  the  ortho-arsenate  of  calcium 
— J — :„.. i»4.i 1 — i;...  -jg  liiatinct,  and  gays  that  earlier  deserip- 
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Bbregbite  (or  Vreckltel,  Heddle. — A  doubtful  soft  spple-green  suIwUDCe,  oo»tii^  Qiuiti 
crystolB.  A  hydrous  silicate  of  alumina,  iron,  magnesia  and  lime.  From  the  nil!  Ben 
Bhreck,  Sutherland.  Scotland. 

BisMTJTospH^EiTE,  Wflisliach  — In  spherical  forms,  with  concentric,  fine  fibrous  radi»ted 
structure.    Kegorded  as  an  anhydrous  bismuth  caibooate.    Prom  NeustOdtel,  Schneeberg, 

Saxon;. 


—A  columbo-titanate   of  uranium,  allied   to  somarakite. 

teration  product  of  bismuttunite.  probablr  a   mechonicai 
dines  of  Tazoa,  Province  of  Choroloque,  DoliTia. 

~-0n  the  crystalline  system,  see  p.  183. 


Bravaibiti,  Mallard.-  .  , 

coal  schists  at  Noyant,  Allier  Dep't,  Prance, 
Fe,0.  4  0.  CaO  a-i).  MgO  8-3,  K,0  6-5,  H,0  13-8 

Brookite,  p.  2T7. — In  Mallard's  view,  brooklte,  rutile  and  octahedrite  are  all  monoclinlo, 
having  the  samn  primitive  fom,  but  dkfiering  in  the  way  in  which  the  individuals  are 
grouped,  seep.  186. 

Britcitb.  p.  iBl.—Mangattbrueite  (IgelstrBm)  is  a  m«ngftneaian  variety  of  bracite  (1418 
HnO)  frnra  the  manganese  mines  of  the  Jakobeberg,  Werraluid.  Sweden.  In  fine  granular 
form  with  hauamannilc  in  colcite. 

Eisenbrucile.  Sandbeixer.-— A  doubtful  substance  resulting  from  the  alteration  of  bm- 
cite.     Sieberiehn  near  fMtbei^.       j 


Caumine,  p.  829.— According  to  Groth,  the  formula  should  be  written  HgZniSiOi. 


CiNrRiNrrE.  p  SIT. — An  original  species  (Ranft,  Koch),  and  not  hd  alteration  prodnct  ot 
nepholite.  the  carixrn  dioxide  tieiug  essential  and  not  due  to  calcitc. 

Cartinite,  LundstrSm. ^Massive,  monoclinic  ;  two  cIpbvob 
=  4'a5.  Color,  brown.  Corapositiot},  RiAsiOr,  with  R  =  1 
cal<^te  and  hau^niannite  at  Unghan,  Sweden. 


Chalcowenite.  Des  Cloizeauz  and  Damour.— Monoclinic.    7  a  ^=108'  20'.     0  A»-»  = 
""  "  .    a.  =  8-76.    Color,  bright  blue.    Conipoeition,  CuScO,  +  " 
From  tho  Cerro  de  Cacheuto,  Mendozn,  Argentine  Kepubltc. 


Cbildrehitb,  p.  377.— Formula,  as  shown  by  PenAcld.  II,A1,P,0,.  -i-  4H,0.  or  A1,P,0.  + 
SRUtO  -H  2  aq.  with  R  =  Fe  priucipilly,  also  Mn.  This  requires:  P,0, 80-80,  A10>  Sa-81 
fW> 86 87,  MnO 4-87,  H,0  isfe. 
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A  mineml  oloeelf  rekled  to  cbildrenite  bu  been  called  eotphtmle  by  Brash  and  E  B- 
Dana.  Urthorhumbic.  In  prismatic  crjrstals  (see  flg.i,  near  chil- 
drenite.  /a-/=  104"  18' ;  p  ap(1a1(  ^  1JJ3°  U^'  (from),  =  118= 
5(i'{8iUe).  Here/,  and o  (i-()  =  3-iandOot  c;bildrenite.  Alsoraass- 
ive,  deavable  tocoinpaeC  Cleavage  |»rallel  aii-i)  nearly  perfect. 
H.  =  5.  a.  =  8  11-3145.  Lustre  vitreous  to  sub-resiiious,  also 
gieasy.  Color  rose  pink,  yellowish,  colorless,  when  compact  various 
shades  of  white.     Sireak  white.     Transparent  to  translucent. 

Uencrai  formula  like  cbildrenitc  (sea  ubove),  but  with  much  man- 
ganese and  little  iron  ilO:u).  rerccntase  composition;  PiOi 
90-98,  AL,O,S;;t5,MnO28-80,  FeO7a4.H,U15-«8=:100.  B.  B  in 
the  fore«ps  cracks  opens,  sprouts  and  whitens,  colors  the  flame  pale 
green  and  fuses  at  4  to  a  black  magnetic  mass.     Reacts  (or  manga- 


Chloralluminite,  iJcacchi. — Hydrous  aluminum  chloride  from  VeauTius. 

Cblobouaonksite,  Scaccbi. — Hydrous  magnesium  chloride  from  Vesuvius.  BiaehofiU 
/pchsenius  and  I'fi'iSer)  from  Leopoldshall,  Prussia,  has  the  composition  MgCI,  +  6  aq. 
Crystalline,  massive,  foliated  or  fibrous.  Color  white.  Forms  tbm  layers  in  halite,  with 
kieserite  and  camallite.     Readily  assumes  water  on  eipOBure. 


CBsrsocoixA,  p.  838. — Pilarile,  from  Cnili,  is  on  aluminons  Tariety,  W-9  p.c  AltOi. 


Cletbtte.  NordenskiDld.— a  mineral  closely  related  to  uraninite,  but  begideB  uraninm 
(and  lead)  contains  yttrium,  erbium,  cerium,  etc.  In  isometric  crystals.  U.  ^  6  5.  Oc. 
=  7'41).     Color  iron  black     A  decomposition   product  of   a  yellow  color  is  called  ytlro- 

Simmite  (analogous  to  ordinary  gummite).    Occurs  in  feldspar  at  Gaita,  near  Arendal, 
orway. 

Cli.socrocitb,  Ssndb*rger,  Singer. — An  imperfectly  described  sulphate  of  iron,  etc., 
occurring  in  saffron-yellow  microscopic  crystals,  derived  from  the  decomposition  of  pyrite 
at  the  BauersbiTf;,  near  Bischcitshcim  vor  der  RhOn,  Clincphaite,  from  Ibp  same  source, 
occurs  in  blackish   green  microscopic   crystals;    formida  SRiSOi^- [RiJHiOi  +  S  aq,  with 


[E,]  =  Fe„AI„  and  R,  ^  Fe,K„Naj. 


IS  of  the  "clintonitegroap"of  minerals,  seeTacher- 


CoLORADorrE,  Qenlh. — Massive,  granular.  H.  ^3.  Q.  —  8-627.  Lustre  metallic.  Color 
iron  black.  Composition  H|[Te  =  tellurium  39,  mercury  61  =  100.  Occurs  with  native 
tellurium,  sylvanite,  gold,  at  the  Keystone,  Mountain  Lion,  and  Smuggler  mines  in  Colorado. 

CoLUMBrrE,  p.  880.— Occurs  sparing!;  in  small  translucent  crystals  at  Brenchville,  Conn., 
havint;  the  composition  MnCb,0.  +  MnTa,0,  ;  containing  1558  p  c.MnO,  and  0-43  FeO. 
Also  the  ordinary  variety  in  groups  of  very  large,  though  rough,  crystals,  weighing  soms- 
times  50  pounds^  at  the  samelocalitj.    Found  with  amazonstone  at  Pike's  Peak,  Colorado. 

n  .J  ii/j'- ■;■-  V-  it.n.i>,;n^ 
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CORONODiTB,  R&imoadi. — An  enthy,  pulverulent  substanoe  of  a  gtty  to  bUck  color. 
fontaininK  antimony  pcnt«zid«,  lead,  and  silrer  oiidea,  water,  but  of  doubtful  homogeneity. 
District  of  Corongo  and  elsevhere  in  Pern. 


CoRUMDiTH,  p.  267. — Monoclinic  according  to  Tscbennak  (orthorhoinbic,  Mallard) ;  often 
opticotly  biaxial.    See  d.  18i  et  seq. 
Uode  artiflcislly,  witQ  the  colors  of  rubies  and  sapphires,  by  FrSmy  and  Feil, 

identical  with  cosallt«.     Prom  the  Bjelke 

form,  but   triclinic,  and  with  I /\ 

e  :  SiO,  '. 

01.  Ka,0 

of  the  liparite 

A1,0,,  Pe,0„  MgO,  etc.     Dendrites 


Coss  TRITE,   Foerstncr. — Near    amphibole   i 


Cbtoutb,  p.  204. — Observations  o(  Krenner  make  cryolite  monoclinic  instead  of  triclinic 
Cryolite  and  some  related  fluorides  ha™  been  found  (Cross  and  SiUebrand)  in  the  Pilw's 
Peril  region,  Bl  Paso  Co.,  Colorado. 

CuFBOCALCiTE,  p.  411, — Mechanical  mixture  of  CaCOi  and  CuiO,  Damour. 


CiAjriTB,  p.  832.— Recently  found  in  well  terminated  oryatals,  Bauer,  Tom  Itath. 

Cyprusitb,   Reinach — A  supposed  anhydrous  iron  BDlphat«,  occurring  in  the  w 

fart  of  the  island  of  Cyprus.    Soft,    Color  yellow.    Analysis  :  SO.  il-S,  Fe,0,  tAJ,( 
1  '6,  insol.  silica  (shells  of  Radiolaria)  25,  H,0  (hygrosc.)  2  =  100. 

D^NALiTE,  p.  802.  —Occurs  at  the  iron  mine  of  Baitlett,  N.  H.  (Wadsworiih). 


at  Kussell,  N.  T.     Ori^horhombic,  horaosomorphou  _  _      _ 

=  ISa" S-i' (topaz  =  134°  17),  waw  =  64°  58'  (topaa  =  55°  20'),  dAd  =  97°  7'  (topaz  =  96°  0), 
Common  forms  as  in  figures,  id  =4^f,  d=  1-i,  I— i-2,  »  =  i-4,  r=  2S.  Color  pale  wina 
(W  honey  yellow,  colorless.    Transparent.    Composition  CaBiSiiOi,  as  of  Danbury  mineiaL 


iJso  from  the  Skopi,  Switzerland,  in  transparent  cryBtal& 


c.j,i,z..bvC0Oglc 
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Color  white, 
■98.  MgC  -  "" 

n  the  Ardeanaa  schists  at  Ottre,  Belgium 


_  Oeleseotb.  Pj^S.^— More  or  less  related  to  the  ch]oritie_  delate  are ;  Subdeleteile  from 

ftps  also 
RH,0„ 

1  small  striated  c 
;Pe  :Mn=4:l  : 

n  phosphate  from  Argentean,  Belgium ;  occnn 

DUHOND,  p.  326. — Has  been  made  artificiallj,  inthe  form  of  a  finesand,  by  J.  B.  Eannay. 

DiCKiNSONrTE,  G.  J.  Brush  and  E.  S.  Dana. — Monoclinic,  pseudo-rhombohedraJ,  j3=  6L° 
80.  CA3  =  118°  30',  CAP  =  118°  53,  CAS  =  97°  58';  c  =  Cy>=i,  «  =  2,  i  =  -  3-i.  Gom- 
monlT  foliated  to  micaceous.  Cleava^  basal  perfect.  H.  =  8-5-4.  Q.  =  8'888-3-34)). 
Lustre  vitreous,  on  e  pearly.  Color  various  shades  ofgreeu.  Composition  4RiP,0i  +  Soq. 
with  R  =  Mn,Fe,ia,Na„  requiring;  P,0.  40-05,  1^0  13-68.  MnO  35-04,  CaO  11*88, 
NosO  6'5S,  HiO  S'81=  lOJ.  Occurs  with  eonphorite,  triploidite,  etc.,  in  pegmatite  at 
Branch  Title,  Coon. 

■mangsnesa  alum,  related  to  mendozlte,  etc. 

DoPE^EBiTE,  p.  415.  —A  black  gelatinous  hrdrocarbon  from  a  stratum  of  mack  below  a 
peat  bed  at  Scranton,  Peun.,  is  called  by  H.  C,  Lewis  phf/tocoUite ;  empirical  formula 
C,„H„0„. 


DoD<iLAaiTE,  Ochsenius,  Piecht. — From  Douglaashall,  formula,  aKGl,FeCl,,3niO. 

DinroRTiKniTB,  Dsmour,  Bertrand. — In  miuate  prismatic  cjTBtals  of  a  cobalt  blue  color, 
imbedded  in  gneiss.  Analvsts  (Damuur)  :  giO,  39-85,  AUO,  6603,  Fe,0,  I'Ol,  MgO  0-40, 
ign.  2'35  =  90'5H  ;  near  ondalusite.     From  ttie  gneiss  at  L'haponost,  near  Lyons,  Franco. 

—An  Bsbeetiform  mineral  flllingflssures  in  eenrentine.     Color  green* 
" ',  and  water.    Duportn,  St. 


isb  to  brownish  gray. 
Aoateil,  Cornwall. 

DiiRFELDTiTE,  iiatmondt.— Masslve,  Indistinctly  ftbrons.  Color  light  gray.  Metallic, 
Composition  8RS  +  Sb^S,  (if  the  results  of  an  au^ysia  after  deducting  SI  p.c.  gangue  can 
be  trusted),  with  R  =  Fb,Ag,,Mn,  also  Fe,Cui.  From  the  Irismachaymine,  AJiquimarca, 
Peru. 


Bkdbmitb,  NordenskiCId,— Mossive,  coarsely  granular,  also  (ncruating.  Cleavage  basal. 
H.  =  3-5-8.  G.  -  7-14.  Color  bright  yellow  to  green  Composition  Pb,A3,0K  +  2PbCl, 
=  As,0, 10-80,  PbO  OO-flT,  CI  7-58,  Pb  83-16  =  100.    Found  at  Lftngban,  Sweden. 


H.Uyi. 
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E1.BOKOBITB,  Niefl.  — HonooUnio  ;  often  in  dnuw  u)d  in  radiated  cmats.    CleaTa^  or&o- 
diaffooaL     H.  =8-4.     Lustre  vitreouE.     Color   redbrowD  h>  dark  hyacinib  red.     SLmtk 

Billow,     ('omposition  (SCreng)  SFeifiO.-i  FeiHaO|4-5  aq.     From  the  Eleonore  mine  on  tbe 
Qnsberg,  nt^r  Uiessen,  and  the  KothlHufcben  mine  okat  WaJdgirmus.     Perhape  ideiilit.'El 
with  the  iron  phosphato  beraunite  from  Benigna,  Bohemia. 

jDtiumog  SiOi.    In  gneiss  near  EHoo. 


Griutb,  Lewis. — Aciculat,  wool-like  crTBtals  of  anknown  nature  oocorring  i 
in  the  quartz  from  Herldmer  Co. ,  N.  Y. 

Eriochalcitb,  ScRcchl.— Copper  chloride  from  Veauvius. 


-       „.- -      ^.      2-667. 

Li,Al.Si,0,  =  SiO,   47-51,  Al.O.  40«1. 
100,     BrwichTiUe,Conn. 

Psendo  rhombohedial  according 


EusYNCHiTB  is  (Eammolsberg)  4Pb,V,0.  +  8Zn>V,0» 
Ariioiene  is  2<Pb,Zn),V,0.  +  (Pb,Zn)iA8,  O.. 

Triloehorite  (Freneel)  is  related,  composition  R,V,0., 
With  R  =  Pb  (M  p,c\  Cu  {7  p.c),  Zn  (11  p.c).    Lo- 

calitf  uncertain.       \ 


Faibfibidtte.  G.  J.  Brush  and  E.  8.  Dana.— Triclinic.  fe'oliated  or  lamellar,  cirBtalline; 
Iso  in  radiating  masses,  curred  foliated  or  &bit)U»i.  Cleavage  brachfdiagonal  perfect. 
luatrn  pearly  to  subadamitntine.  Color  white  to  pale  straw  yellow.  Transparent.  Com- 
Dsition  R,P,0.  +  9aq,  with  R  =  Ca  :  (Mn  +  Pe)  =  3  :  1.     ThU  reqnires :  P.O.  39-80,  FeO 


also  in  radiating  masses,  curred   foliated  (-  .-.     .„.  ,    .  „ , 

Lustre  pearly  to  subadamitntine.  Color  white  to  pale  straw  yellow.  Transparent.  Com- 
position R,P,0.  +  9aq,  with  R  =  Ca  :  (Mn  +  Pe)  =  3  :  1.  ThU  reqnires :  P.O.  39-80,  FeO 
6-04.  MnO  13-10.  CaO  80-eS,  H,0  OS?  =  100.  Occurs  with  other  manganeeian  phospfaatea 
at  BranchvUIe,  Conn. 

Leuromanganilt  (Sandberger)   from   Eabenstein,  Bavaria,   maf  be   identical ;  not   jet 
described. 

Tblospas  Gbovf.— Schuster  hae  shown  that  in  the  series  of  triclinic  feldspars  th««  ii 

n  .J  ii/j'- ■;■-  V-  it.n.i>,;n^ 
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in  optical  relations  the  same  f^r^tial  tnnBition  from  the  one  extreme  (otbito)  U>  the  othei 

(snorthite)  aa  exists  in  compneition.  Thus,  he  Bnds  that  the  directions  o(  light-ezitinction, 
as  obeerred  on  the  bMal  and  c;linodiagoniU  sections,  the  position  of  the-aies  of  elasticity, 
the  dispersion  ot  the  axes,  and  the  axial  angle  all  show  this  gradual  change  in  the  same 
direction.  These  results  confirm  the  accepted  view  of  Tschernialc  that  the  intermediate 
triclinio  feldspars  are  to  be  regarded  as  iEomorphoos  mixtures  at  albit«  and  anorthite  in 
varving  proportions  ;  moreoTer.  th^  explain  the  apparent  difficulties  raised  br  the  obser- 
vations oC  Dea  Cloizeaux  (p.  319).  The  angles  given  on  p.  830  are  then  true  only  in  spevial 
cases,  since  in  the  varieties  varying  in  oomposition  those  values  will  also  vary.  The  values 
for  angles  (given  by  Schuster)  made  by  the  extinction-directions  with  0  and  f-i  are  aa 
follows : 

With  0  With  i-i 

Albit« +4°      to      +8'  +18- 

Varieties  between    Albite  { 

and  Oligoclaae ) 

Oligoclase +3°      to      +1°  +  8°    t 

Andesite  - 1°      to      —2°  -  4°     t 

Labradorite -  4°      to      -  S°  - 17° 

Varieties   between  Labra- )  ,.0    «„        ic<  00° 

dorite  and  Anorthite. ...  f        ""     "    -^''  "^ 

Anorthite -88°  -40° 


FERROTSLLuarra,  Oentb. — In  delicate  radiating  crystalline  tnfts  of  a  jellow  color.  Per- 
haps an  iron  tellurate.    Keystone  mine,  Magnolia  District,  Colorado. 

PiLLOwTTE,  Q.  J.  Brash  and  E.  S.  Dans, — Monoclinic  ;  pscudo-rhombohedral.  Goner- 
ally  in  granular  crystalline  masses.  H,  =  4'G.  G,  =8'48.  Lostre  subresinous  to  greasy. 
Color  wax  yellow,  vellowiBh  to  reddish  brown.  Compoeitioa  3BiP,0g  +  aq,  with  R  =  Mn, 
Fe,  fa,  Na, ;  requiring  :  P,0,  40-18,  FeO  880,  MnO  4019,  CaO  5-28.  Na,0  5  84,  H,0  ITO 
=  lUO.     OcouiB  with  other  manganesian  phosphates  in  pegmatite  at  Branchville,  Conn. 

Fluokitb,  p.  SSS. — Pseudo-iaomctric,  according  to  Mallard  ;  aee  p.  186. 

Fo&EsiTE,  p.  847.— Probably  identical  with  slilbite. 


,  etc.     G.  =4-06-4-17. 

GutOLiHTTE,  p.  809. — Contains  the  new  earth  ytterbinm(Marignac),  also  scandium  (Cleve) 

KNOBiBMunTB,  H.  SjOgrcn.— MassivB,  compact.     H.  =  8-4.    O.  =  6'88.    Lnsi 
Color  tin  white.     Streak  grayish  hlacK.     Compoeition  PbBiiS,  or  PbS  + 


GALENOBiBMunTB,  11.  SjOgrcn.— MassivB,  compact.     H.  =  8-4.    O.  =  6*88.    Lustre  ma. 
■   ■■■         "Itolor  tin  white.     Streak  grayish  black.     Compoeition  PbBi,S,  or  PbS  +  BiA, 
■   S  16  M,  Bi  OD-62,  Pb  3748  =100.    Occurs  with  bismutite  at  the  Kogrufva, 


=  4.  G.  =  4'98,     Lustre  greasy. 

'omposition    (Ph  ^'~"'""       — '~ 

_ , taO  4-89,  MgO 

Occurs  with  tephroite,  native  lead,  etc.,  at  Llngban,  Sweden. 

Qaknet,  p.  802. — Pseudo-isometric ,  cccording  to  Mallard  and  Bcrtrand 
Nearly  colgrlesa  garnets  occur  at  Hull.  Canada;  others  containing  6p.c.  CriOi 
Quebec.    Large  perfect  crystals  in  mica  schist  near  Fort  Wrangell,  Alaska. 
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GcriLaiTB,  Fischer.— A  doabtlot  ^c«t«  from  the  Oinilsalp,  OnubOnden,  Switwrlond. 

Guuio.vDiTB,  p.  841. — TricIJDio,  complex  twins,  aooordiiig  to  Sohmul  and  t.  lAsauJx, 

GiiAiruuATiTE,  Fernandez.  1878.— The  same  mineral  ae  that  atterward  called  frenzeltto 
(p.  S38).  Composition  (Mallet).  Bi^i,  with  a  httle  Be  repLtced  by  S.  Siiaonile  is  a 
meohanical  mixture  of  this  mineral  and  natire  bismuth. 

OuHsraoHiTB,  Clarke  and  PerrjfAm.  Cbem.  Joum.,  it.,  140). — A  massiTe  substance,  of 
a  deep  purple  color,  mixed  with  calcite.  An  aoaJyaia,  after  deducting  13'TS  CaCOj,  vielded 
Cap,  74-89.  CaO  ll'M,  SiO,  6'87,  A1,0,  B-B5,  Ha,0  0'86  =  100.  Probably  an  impn™ 
fluorite  ;  perhaps  altered  i  c^tuinl]'  not  a  homogeneous  mineraL 

OuuAKiTE,  Cumenge.— Orthorhombic  ;  in  prismatic  crvstaltt,  form  near  that  of  chaloo- 
Stibite.  H.  =  8-5.  O.  =  508.  L'olor  steel  gray.  Compomtion  Cu,Sb,Si  or  Cu.S  -t-  2SbA. 
From  the  copper  nuDes  in  the  district  of  Chiejar,  Andalusia, 


Otroutg.  p.  838. — TobeTmorile  at  Heddle,  ia  near  gjroUte  and  okenite.    Maasive.    C<dor 

Einkish  white.  0.  =  3-423.  Analysis  r  SiO,  46-62,  Al.O,  8-99,  P,0.  0-06,  FeO  l-CS.  CaO 
)-98.  KtO  0-57,  Na,0  0'6S,  E,0  1211  ==  89-81.  FUling  caritiee  in  rocliB  near  Tobermory. 
Island  of  MulJ.  * 


Hatchettolitb,  J.  L.  Smith. — Isometric,  habit  octahedral.  H.  =  S.  Q.  =477-^  "90.  Lnstm 
resinous.  Color  yellowish  brown.  Translucent.  Fracture  conchoidal.  A  colnmbo-tan- 
talate  of  ni&nlum  and  calcium,  containing  5  p.c.  water  ;  closely  related  to  pyrochloK. 
With  samarakite  In  the  mica  minee  of  MitcheU  Co.,  N.  C. 

rssparingly  with  datolite  and  col- 

Hedtphahe,  p,  867. — A  variety  from  Langban  contains  (lindstrOm)  8  p.c.  BaO.  Mono- 
clinic  (Dea  Cloizeaui),  and  pcrliaps  isomorphous  with  caryinite,  p.  423 ;  this  would  sepa- 
rate it  from  mimetite. 

HELDBUBaiTB.  Lodecke.— In  ininut«  tetnwonal  crystals,  resembling  goarlnite.  Color 
ydlow.  H.  =  0-5,  Composition  unknown.  In  feldspar  of  the  phonolyte  of  the  Heldbargr, 
near  Coburg. 

Beltttb.  p.  302. — Occurs  at  the  mica  mine  near  Amelia  Court  House,  Amelia  Co.,  Vir- 
ginia. In  crystals  and  crystalline  masses,  of  a  sulphur-yellow  color,  imbedded  in  ortho- 
clase. 

HEtnrooniTB.  Collins.— In   botrroidal  globulir 
=  3-«7,    Color  turquoise  blue.     A  hydi     "     ' 
CuO).    West  Phenix  mine,  Cornwall. 

HeBBBMOBU^mrTE,  Brexina  (=  UrTAlgyit«,  Szab6). — In  spherical  groupe  of  six-sided  labn- 
lar  crystals  (monoclinic).  Cleavage  busiil  perfect.  H.  =  3-5.  Q.  =  8-182.  Lustre ritreoua, 
pearly  on  clenvaj?e  face.  Color  emerald  to  bluish  green.  A  hydrous  baaio  sulphate  of 
oopper,  allied  h>  langite.     Frgm  llerreagrund  (=  Urrulgy)  in  Hungary. 
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SETSB.oi.TtK  (Hetoirite),  Q.  K  Moore. — In  botrjoidai  coatings,  with  ladiatcd  stractnre. 
H.  =  5  G.  :^  4  933.  Stated  to  be  a  zine  hausmannite.  Occurs  with  ehalcophanita  u 
Sterling  Hill,  New  Jetaey. 


EiBBERiTTE,  Heddle. — A  lemon-yellow  powder  in  kammererit* ;  in  composition  probably 
a  mixture  of  mogncsiain  hydrate  and  calcium  carbonate.  From  the  chromito  quarry  in 
the  island  of  Uniit,  Scotland, 

HiBBATTTB,  Cossft  (Trans.  Acad.  Lino.,  III.,  vi..  14).— A  potaagium  fluo-silicate,  2KP 

3iPi,  obtained  in  octahedral  crystals  from  an  ( '-"^ * '    '  -■-'-■-■■'    - 

tioua  found  at  the  fumaroles  of  the  crater  of  Vi 

ulp^^ 


SiFi,  obtained  in  octahedral  crystals  fron  an  aqueous  solution  of  port  of  stalactitic  concre- 
'~')ua  found  at  the  fumaroles  of  the  crater  of  Vnlcano.  The  concretions  have  a  grayish  color, 
a  spongy  texture,  rarelr  compact,  and  consist  of  hieratite,  lamdls  of  tioracic  acid,  with 
seleosuTphur,  arsenic  sulph;  ' 

BonLiTB,  Paijkull.— Near  gadolinite  and  datolite  in  angles  and  habit.  H.  =4'&-6. 
G.  =  8'34,  Lustre  resinous  to  vitreous.  Color  black  or  blackish  brown.  Translucent  in 
thin  splinters.  Composition  PeCaBiSi>0,e,  or  unobgous  to  datolite.  Prom  the  Stockti, 
near  flrevig,  Norway. 

HoPETTE. — Composition  probably  ZniP,Ot  +  4  aq.     Orthorfaombic.     Altenberg. 


e  mineral  from  Silver  Islet,  Lake  Superior,  re- 

HTiLOTEKiTB,  NordonEkiOld.— Coai»ely  crystalline,  massive.     H.  =  6-5*6.    G.  =  8-81. 
Lustre  vitreous  to  greasy.     Color  white  to  pearly  gray. 
^. „„. ^„ ~1,  AI,0,K,0,  el 

.  ,     .    —    -  -    — -J, .- , o  .n  white  or  color- 
less crystalline  plates  oi 

HiDBoraAVKLDfiTx,  lUeppe 

in  brilliant  re^lar  octahedn 
Never  completely  described. 

HTDBOFHiLmi,'  Adam. — Calcium  chloride ;  see  chloroceicite,  p.  360. 


iLBsrra,  Wnensch.— In  loosely  adherent  crystalline  aggieg^tes.  Color  white.  Taste 
bitter,  astringent  Composition  (M.  W.  lies)  RSOt  +  4  aq,  wlih  B  =  Mn  ;  2n  :  Fe  =  6 : 
1 : 1.    Occnrs  in  a  sUiceous  gangue  in  Hall  Valley,  Park  Co.,  Colorado. 

loDOBBOHiTE,  T.  Lamoli.— Isometric,  octahedral.  0 
sometimes  greenish.  Composition  SAg(Cl,Br)  4- Agl. 
■iciit,"  Dembach,  Naawn, 

Ihoh,  p.  236.— The  loUr  InveitigatioiiE  <d  the  so-called  m«t«orio  irOB  of  Orlfak,  DIioo 
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Jahbsonttb,  p.  251. — Occurs  in  Sevier  Co.,  Arkansas,  with  other  ores  of  antlmonj. 

TTstals  st  the  Yullnre  mine,   Arixona 
loloTadD  (KOnig).    Composition  K,SO.-t- 

Ejentkolitb,  Bamour  and  vom  Rath.— In  minute  orthorhomMo  cTTalals,  grauped  in 
Bbeaf-like  forma  lilie  stilbite.    H.  =fi.   Q.  =619.    Color  dark  reddish  brown.   Cranpoeition 

probabl;  Pb,Mn.Si<0..     From  Southern  Chili. 

Ekbnnbritb,  vom  Hath  (Bitruenm,  Krenner). — Orthorhomblc ;  In  verticAllf  striaUd 
priBmatic  crfstale.  Color  silver  white  to  braae  yellow.  Liutie  metallic,  brilliant.  A  tdln- 
ride  of  gold,  perhaps  related  to  colaverito.    NogTag,  Tmnsylvania. 

E.=S^-S.    G=4-H.     Metallic.    Color  irm 
tobablj  a  mixture.     LautA,  Haricnbei^,  Svxoaj. 

Lawrencctb,  Daafatve. — Iron  protochloride  oooorring  In  the  Greenland  native  iron,  tto. 

LBAoaiLLrTE,  p.  S90. — Sosannite  is  verj  probablj  identical  with  leadhillite. 

Leidtitk,  Kflnig. — In  verraciform  incrustations,  conaiiting  of  flne  scales.  Color  vvriovs 
shades  of  green.  A  hrdrous  silicate  of  aluminum,  iron,  magnesium,  and  calcium.  L>eiper- 
villo,  Delaware  Co.,  Peno. 

Leucitb,  p.  818. — Has  been  made  artiflciall}'  b;  FonqnS  and  Levy  ;  also  an  iron  Itncdt* 
has  been  made  by  Haatefenille  ;  optical  character  as  of  natural  crystals. 


Leucopbanite,  p.  800. — MouocUnlo  (Bertrand,  QroUi),  twins  analogons  to  those  of  bar 
motome. 

Leucotile,  Hare. — In  irr^Tilarly  grouped  ^Iky  fibres  of  a  green  color.  Analysis  :  SiOi 
28-08.  A1,0,  aw,  Fb,0,  816,  MgO  29-T8,  CaO  7-87,  Ka,0  1-83,  K,0  tr.,  H.O  17'29  =  M-8». 
Reiohenatein,  Sileda. 

LmBTHEKiTK,  p.  878.— PMndtMiTthorhombio,  monoolinio,  according  to  Sehmnf. 


JtTmtascoinTE,  p.  282. — Composition  probably  HgiS  +  4SbtSt. 

LotnaiTB.  Honeymann. — A  transparent,  glassr,  leek-green  mineral  H.  =65.  0.=S'41, 
Analysis  (H.  Louis) :  SiO,  68  74,  AJ.O,  0  B7,  t'eO  ISS,  MnO  tr.,  CaO  17-27,  MgO  0*88, 
K,0388,  Na,0(H)8,H.OiaW=:W-6a 


Magnoute,  F.  a.  Qentb.— In  radiating  tufte  of  minnte  acicular  txystiia.  Color  whlta. 
Lustre  silky.  Composition  perhaps  HgiTeOi.  A  deoompoBition  product  of  colonidoit«k 
Keystone  mine.  Magnolia  Duttict,  Colorado. 


..,l,^H 
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Mano^jiositb,  Blomstrand.— Isometric.  CleaTag«  cubic.  H.  =  B-6.  G.  =  B118. 
Lustre  vitreoua  Color  emerald  green  on  fresh  fracture,  becoming  black  on  eiposnre. 
Compoeition  MdO.    From  L&ngban,  and  from  the  Moaagrufva,  Notdmark,  Sweden. 

MAKIUIROI.ITB.  Hoist. — In  fine  orfBtalline  needles.  H.  =5.  G.  =  807.  Color  pule 
yellow.    Composition  aear  enstatite,  but  with  6  p.c.Na,0  and  ID  p.c.  KiO.     Lftnghwn, 

Sweden. 

Hatbicite,  Hoist.— In  cryatallin' 
gnosy.  A  hydrous  silicate  of  ma 
Fiom.  the  Krangnifra,  Wermland,  Sweden. 

MsLAiroTBEiTE,  LindBtrQm. — Massive, cleavBble.  H.  =  6'5.  G.  =  STS.  Lustra metAlllo 
to  resinous.  Color  black  to  blackish  gray.  Composition  Pb.Fe,SiiO.  (analogous  to  iai- 
tiolit«).     With  magnetite  and  yellow  garnet  at  Langban,  Sweden. 


Heuxothalute,  ScaocbL — Copper  chloride  from  YesuTiiis. 


Heliphakitb,  p.  800.— Tetngoual  according  to  Beitrand. 


HiCA  Osocrp,  pp.  811  to  815. — Tsohermak  has  shown  that  all  the  species  of  the  mica 
group  are  monoclinic.  an  axis  of  elasticitr  being  Incslined  a  few  Atgt4ee  ta  the  plane  of 
cleavage  ;  these  conclnsions  are  oonflrmea  by  Bauer  i  and  von  Kokscbarof  shows  that  in 
angle  there  is  no  sensible  deviation  from  the  orthorhombio  type. 

Tschermak  divides  the  species  into  two  groups  as  follom  ; 

I.  ■  n. 

BiotiUa :  Anomlte. 

FMogopUtt: 

i  Lepidolita, 
JftMeoptfsf :  ■{  Huscovite, 

( Paragouite. 
MarganiM :    Margarite. 


symmetry.  Thns.  the  former  species  biotite  is  divided  on  this  principle  into  anomitt 
(ayifioi,  eonlrniy  to  law)  and  menxrene  (Breithaupt's  name  for  the  Vesuvian  biotite).  For 
example,  the  mica  occurring  with  diopdde  in  granular  calcite  at  Ijake  Baikal  is  nnomit«, 
as  also  that  from  OTeenwood  Famace,  N.  Y.  Meroiene  is  represented  by  the  Vesuvian 
magnesian  mica.  Muscovite  includes  also  some  of  the  "  hydro-micaa "  to  all  of  which 
belong  the  formula  IH,K)iAl]Si,0,  ;  ptiengile  is  a  name  given  to  some  muscovitcs  approach* 
ing  lepidolitc  iu  composition,  and  thns  not  conforming  to  the  nnidllcate  type.  For  the  full 
discussion  of  the  subject,  see  the  original  memoirs  of  Tschermak  and  also  tboeeof  Rammels- 
berg,  etc.,  referred  to  in  Appendix  III. 

Sain'/itonit-;  (Hetldlei,  from  Scotch  trranite,  etc.,  is  a  variety  of  biotite,  characterized  by 
containing  much  FeO  (to  19  p.c  )  and  little  MgO.  SiderBphyuiU  (H.  C.  Lewis)  from  Col. 
orada  contains  all  FeO  (29-S  p  a.)  and  only  a  trace  of  magneaia. 

HicBOLiTE,  p.  SB8  —In  small  brilliant  octahedrons,  light  grayish  yellow  to  blackish  brown 
Wordenikiold;,  at  TJtO,  Sweden.    G.  =  t!-2e.    Comp-x^ion  C»,Ta,0„  with  also  HnO  aad 
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Occnn  at  the  mica  mines  of  Amelia  Co.,  Virginia  (Dtumington).  Id  modified  octe- 
hedrons,  also  in  la:^  (to  4  lbs.)  imperfect  crystals.  Q.  =  5860.  CompositioD  easentiMllj 
Ca,TaiO,,  with  also  J  CbOFi.     Also  occurs  at  Btanchville,  Conn.  (Brush  and  Dana). 

SaddttaUle  of  Sbepard,  from  Huddain,  Conn. ,  is  related,  perbape  identical 


MlKBTriB,  p.  366. — According  to  Bertrand  and  Jannettaz,  crystals  of  pute  lead  arsenate 
are  biaxial ;  aa  the  amount  of  lead  phosphate  increaees  the  angle  diminishea  and  pure  lead 
phosphate  (pjromorpblte)  ia  uniaxial;  but  this  may  be  duo  to  the  grouping  ol  uniaxial 
crystals  in  positions  not  quite  parallel.    Occnra  with  nuiadlolw  iu  Vuma  Uo.,  Atieoiui 


UoLTBDBNlTB,  p.  288. — Perliaps  orthorhombic  (Oroth). 

MoLTBDOMBinTB,  CoBiLTOMBSiTB,  Beitnind  (Bull.  Soc.  Min,,  V.  90). — Minerals  belonging 
to  the  same  group  of  aelonitee  as  clialcomenite.  Moiybdomenite  is  a  lead  selenite,  occur- 
ring in  thin  white  lamellie,  nearly  transparent,  orthorhombic.  two  cleavages.  CobaiUimt- 
nite  ia  a  cobalt  selenite  in  minute  rose-r^  crj'stals  occurring  in  the  midst  of  the  seleuides 
of  lead  and  cobalt,    FromCaobenta,  Argentme  Bepifblic. 

MoNAZtTE,  p.  86S. — From  Arendal,  a  normal  phosphate  (Rammelsberg)  of  cerium,  l»n- 
thauum  and  didymium,  containing  no  thorium  nor  zirconmm.  Penfleld  has  prored  that 
the  thorium  sometimes  found  is  duo  to  admixed  thorite.  Tumerite,  according  to  Piaani, 
has  the  Eome  composition. 

Occurs  in  very  brilliant  highly  modified  erystala  at  Milholland's  Mill,  Aleiander  Co.,  N. 


HoMBTtTB,  C.  V.  Shepard  and  C.  U.  Sbepard,  Jr.— In  irreKular  aggregates  of  small  tri. 
clinic  DiTstala.  H.  =  8'0.  G.  ^  3'7S.  Lnstre  vitreous.  Color  pale  yellowish  white.  Semi- 
tcanspareot.  Composition  HCaPOi,  requiring  P,0.  SiiO,  CaO  4118,  H.O  6-62  =  100. 
Occurs  with  gypsum  and  monite  at  the  g:uano  islands,  Moneta  and  Hona,  in  the  West 
Indies. 

MoHiTE  occurs  as  a  slightly  (ioheient,  uncrystalline,  snow-white  minettJ.  G.  =  S'l. 
Composition  perhaps  (JatPiOa  +  H|0. 

Mo&DEHiTB. — SUdeUe  of  How  ia  an  altered  mordenite  from  Cape  Split,  N.  8.  Uor- 
denite  (Hon)  has  the  composition  810,  68-40,  AUO.  1377,  C'aO  8-4S,  Na,0  2'80,  H.O 
18-Oa  =  100. 

NiOYAOiTE,  p.  340.— Perhaps  orthorhonlbic  (Scbranf), 

Natboutb,  p.  842. — Mouoclinic,  accordii^  to  Lfidecke, 


Nephbitb,  p.  SST.— The  general  subject  of  nephrite  and  jadeite  in  their  mineralogioal 
and  archeoiogical  relations  has  been  exhanslavst;  diaonased  by  Fiacfaer  in  a  special  work 
on  that  subject. 
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lard's  view  (see  ji.  188). 
Found  in  nearly  colot 
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NfTBOBiUTs.—dTBtals  of  native  barium  nitrate  have  been  <A>taiiieil  from  Chili; 
apparent  octahedrons  formed  of  the  two  tetrahedrouB. 

s,  perhSM  r 

OcTAHEDRiTE  (Anatoaa),  p.  277. — Belongs  to  the  nkonoclinic  sfHtem.  according  to  Hol- 

irless  transparent  cTystals  at  Brindletown,  Barke  Co. ,  N.  C  (Hidden). 

Onofk[te.~A  iDHssive  mineral  (Q.  =  7'6S),  from  MaiTSvale,  Utah,  has  the  compoeition 
HglS.Se),  with  ij :  Se  =  6  ;  1.  It  thus  correeponds  nearfj  with  Haidinger's  ouofrite,  which 
ha8S:i4  =  4:l. 

Okpihent  (p.  S81)  and  realgar  (p.  381)  occur  in  Iron  Co.,  Ul«h  (BUke). 

Obtboclase,  p.  826. — Klockmann  (Z.  Eryst.,  vt,  4D3)haa  described  twins  of  orthoclosa 
from  tbe  Scholzenberg,  near  Warmbnmn,  in  Sileejo,  the  twinniog  planes  in  diSecent  cases 
were  i-i,  0,  a-i,  2-i,  I.  O- 

Obthite,  p.  806. — Foond  in  imperfect  bladed  crystals  at  the  mica  mines  in  Amelia  Co., 
Virginia,  with  monaiito,  columbite,  etc 

—A  variety  of  ottrelite  from  Vgnasque,  in  the  Pyrenees,  has  been 

OsAHHiTE. — Ammonium  oxalate  (ShepBrd}fromtheOuaDape  Islands.  Also  colled  jwmo- 
pite  by  RaimondL 

Ozocerite.— A  related  mineral  wax  has  been  found  in  lai^  quantities  in  Utah. 

Pacbmoutb,  p.  260. — See  thoTiuenolile,  p.  433. 

pKcsHAMiTE,  J.  L.  Smith. — From  the  Estberville,  Emmet  Co,,  Iowa,  meteorite.  In 
rounded  nodules,  with  greasy  lustre,  and  light  greenish -yellow  color.  Q.  =  3-2S.  CompC' 
sition  equivalent  to  two  molecules  of  eustaUte  and  one  of  chrysolite. 


He)  is  a  closely  related  mineral  from  the  Corstor- 


PEBOPBBrrE,  p.  370. — Recent  observations  refer  it  to  the  orthorhombic  ej^stem,  the  ci7»- 
tals  being  complex  twins.  Ben-Saude,  however,  regards  it  as  isometric  and  pa»Uel 
hemlhedrel,  the  observed  double  refntction  being  due  to  secondary  causes,  see  p.  190, 

Petilite,  p.  2Hi.— Hydrocastorite  is  an  alteration  product  of  oastndte  from  Elba  (Orat- 

tarola). 

PHiBMACosiDEBrra,  p.  870.— Pseudo-isometrio,  according  to  Bertrand,  see  p.  186. 


I^iLLiPBiTE,  p.  845.— Crystalline  system  numoclinic  ^tieng),  with  s  bigiier  degrao  of 
peeado^ymmetry  due  to  twinning. 
2S 
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PHOsPH(TBA.!mjTE,  Genth. — As  a  pulverulent  incrust&tion.  of  deep  leinon-jellow  color. 
Compoeition  probably  (UO,)iP,Oe  +  6  aq  Occurs  with  otnet  arauium  miaeraU  at  the 
Plat  Rock  mine,  Mitchell  Co.,  N.  C. 

PictTB,  Niea. — An  amorphous,  dark  bi'own  hydrous  Jrou  phosphate  from  the 
mioe  and  the  RothlBufohen  mine,  near  Giessen.    Of  doubtful  humogeneity. 


PiLOUTB,  HeddK — A  name  sugfrested  for  K . ^ 

related  composition,  which  have  gone  by  the  namee  "mountain  leather"  and  'mountain 
oork," 

Ft.i.aiocrrBiTE,  Sandbereer,  Singer. — A  hydroUa  sulphate  of  alumina,  iron,  potassian, 
sodium,  ete. ,  occturioe;  in  lemon-yellow  microscopic  crystals,  and  formed  from  the  decom- 
position of  pyrito  at  t£e  Bauervberg,  near  Bischoiaheim  vor  der  RhOn. 

consisting  of  46  p.c.  platinum 

le  and  lead,  but  donbtr 

Pldmbostanntte,  Raimondl — An  impure  massive  mineral,  described  as  a  sulph-Mitimo- 
nite  of  tin,  lead  and  iron,  but  of  doubtful  homogeneity.    Fium  the  district  of  Moho,  Pern. 

PoLYBTJirPK,  LaBpeyrea.— Isometric,  octahedral.  H.  =  4-6.  G.  =4-80e-4ei6.  Com- 
podtion  NiiSi.  From  GrQnau,  Westphalia.  Laapeyres  regards  the  saynit«  of  von  KobelJ, 
grtlnauite  of  Kicol,  as  an  impure  polydymLte. 


PsEnDOBKooKiTB,  Koch. — In  thin  tabular  striated  crystals,  ortborboDbic.  H.  =  6. 
G.  =  4'98.  Lustre  adamantine,  on  crystalline  faces.  Color  dark  brown  to  black.  Con- 
tains prinnipally  the  oxides  of  iron  and  titanium.  Prom  the  andesite  of  the  Aranyer  Ber^, 
Transylvania,  and  Riveau  Grand,  Honl«  Dore,  also  with  the  asparagus  stone  of  Jumilla, 
Spain  (Lewis).    Near  brookite. 


PsiLoKEi.AtiB,  p.  283.— CaJMHi^rife  (Laspeyres)  from  EUtebom  is  a  variety. 
Ptmte,  p.  343.— Occurs  in  highly  modlSed  crystals  in  Gilpin  Co.,  Colorado. 
PvsoLDSiTB,  p.  278. — According  to  Oroth,  the  prismatic  angle  is  89°  80'. 
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EAieroKiTB,  p.  265.— Ck)mpoaition  (Brandl)  8',Na,,MK,Ca)Pi  +  8A]iP,+ 


Reddingitb,  G.  J.  Brush  and  E.  S.  Dana. — Urtborhomliic  ;  habit  octahedral  ;  form  near 
that  of  Bcorodile.  H.  =8-3-6.  G.  =  3'10.  Lustre  Titreona  to  sub-reainous.  Color  paie 
K«e  pink  to  yellowish  white.  Composition  HaiP,0,  +  3  aq,  with  a  varying  amount  of  iron 
(6-8  p.c.FeO).     With  other  manganesian  phosphates  at  BraDchrille,  Coon. 


Besm,— The  tollowiDg  are  names  recently  given  to  Tarions  hydrocarbon  compounds  : 
ajkite,  bemardinite,  celeetialite,  dnsite,  gedanite,  bofmannite,  huminite,  ionite,  kSflachitA, 
muckite,  neudorflte,  phytocollite,  posepnjte. 

RoiBDOFHAKB,  Lettsom. — A  cerium  pfaoeptiate,  pertiaps  the  same  as  phoephocerite. 

RaopocHKOsrrE,  p.  403. — A  Enngarian  variety,  containing  89  p.c.  FeCOj,  has  been  called 
manffano*iderile  (Baj^r). 
OccutB  at  Branchnlle,  Conn.,  oontaining  IQ'TS  p.o.  FeO  (Penflcld). 

n  alkaline  boro- 


BoeooKLiTB,  p.  BUT.— A  silicate,  according  to  recent  analyses  by  Qenth,  having  the  foi^ 
mnia  ElMg,FeXAl„V,)iSi„U..  +  4  aq  ;  also  (Hanks)  from  Big  Bed  Ravine,  near  Sutter's 

RosBLiTB.  p.  E73. — True  composition  RiAsiOi  +  2  aq  (Winkler),  hence  analogoaB  to  fanv 
fleldit*,  p.  4a.  -^  V  / 

—An  nnceitain  chloritio  substance  from  the  granite  of  Rnbislaw,  near 


— The  North  Carolina  mineral  has  t>eeu  shown  to  contain  erbium,  ter- 
y  from  liake 

Sakawaiute,  Frenzel. — Oocura  In  rojAite  crystals  in  the  nalJTe  antimony  of  Borneo; 
perhaps  scnannontit«. 


OntarMUe  (Shepard)  isa  variety  occurring  in  limestone  at  Galway,  Ontario,  Canada. 


S^moRUHirrB,  p.  887. — The  so-called  schorlomite  of  the  Kaiserstuhl  is,  according  to  Ejiop, 
either  a  til&niferoua  melanite  or  pyroxene. 
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]  be  lelaff^  to  ptagionite  ;  from  FelsSbanja.     Not  jet 


Sepiolite,  p.  349. — Chester  has  aimljzed  a  fibrous  variety  from  Utfth. 

Sbkpentihe,  p.  850. — Sshrauf  (Z.  Kryat..  vi..  S2>)  has  studied  the  mn^esU  silicates  from 
the  serpentine  region  near  Budweis,  Southern  Bohemia.  He  iotroduces  the  followini;  new 
namee  :  A'e%pAi/(>.  a  serpciitinouseoalingof  altered  crystals  of  pvrope  ;  i^'iiopAiYe.  achloritic 
Tariety  of  Berpentine  ;  LariiiUte  (wrong  ortho^phy  [or  lenuifitej  in  <«mpositioii  near  the 
Termiculite  of  Leoni  (Cooke),  ht^nt-e  name  ;  SilifiophUi,  a  heteroseneoas  suliel&nce  higb  in 
rilica ;  Jit/drobioUU  (same  name  used  b;  Lewis)  a  hydrated  biolite :  Serlauite,  a  cbloritic 
substance  SlUng  cavities  tx^twoen  the  eranit«  and  serpentine  ;  Sehuchardlile,  the  so-called 
cbryaoprsserdc  from  GlilEendorf,  Silesia.  De  also  uses  the  general  name  parachlorite  tor 
substances  conforming  to  mAIiSijOi,  +  nRjSiOt  -t-  paq,  and  protoohlorite  fo;  those  corre- 
sponding to  mAlsSiO,  +  n(R,SiOi]  +  Jiaq. 

Totaigite  (Heddle)  is  an  uncertain  serpcntinous  mineral,  derived  from  the  decomposition 
ot  malavolit«.     From  Totaig,  Roashire,  Scotland. 


SiDEBizoT,  Silrestri.— Iron  nitride,  a  coating  on  lava  at  Etna. 

SiDEBOHATSTTE,  Rajmondi.  —SidfTonatrile,  from  Euant^iaya,  Pern,  and  urvfUe  (Frenzel) 
from  the  island  Tschlckon,  Caspian  Sea,  arc  hydrous  sulpliates  of  iroa  and  sodium.  Dear 
each  other  and  related  to  the  doubtful  bartholomite. 

SiPTUTB.  HalleL— Tetragonal,  in  octahedrons.  Form  near  that  of  fetpisonite.  Cle«v. 
age  octAbednl;  usoAlly  massive,  crystalline.  H  =  6.  O.  =  4-80.  Color  brownish  black  to 
brownish  orutge.  Essentially  a  co1umbat«  of  erbium,  cerium,  lanthanum,  didymium, 
uranism,  etc.     With  atlaniteon  the  Little  Friar  Mt.,  Amherst  Co.,  Vo. 

Smaltite,  p.  345.— Occurs  near  Gothic,  Gunnison  County,  Colorado. 

Spbarocobalttte,  WeisbacK—Tn  small  spherical   masae 
within   rose-rod.      H.  =  4.      G.  =402-*  18.       Composition 

Schnccbcrg,  Saxony. 

SpoDioaiTE.  Tiberg. — In  flattened  prismatic  crystals.  A  calcium  phosphate,  aad  per- 
haps pseudomorphoua.     From  the  Krangrufra,  Wcrmland,  Sweden. 

^..  ,  oisbauc 

(Wleugel)  varieties  afford  indium. 

Spoduhehb,  p.  305. — The  true  composition  is  expressed  by  the  formula  LigAl^i.On,  as 
proveil  by  numerous  recent  anBiyses. 

Occurs  in  small  prismatic  crystals  of  a  deep  emerald  green  to  yellowish  green  color,  with 
beryl  (emerald),  rutib.  inonozilc,  etc.,  in  Alexander  Co.,  N.  C.  This  variety,  which  has 
been  extensively  introduced  as  a  gem,  was  called  hiddenUe  by  J.  L.  Smith,  after  W.  E. 
Bidden. 

The  alteration  products  of  the  spodumenc  of  Chestcrfleld  and  Qoshen,  Mass.,  have  been 
described  by  A.  A.  Jutien. 

Occurs  in  immense  crystals  at  Branchvilte.  Conn.  (Brush  and  Dana).  The  unaltered  mi,i. 
eral  is  of  un  aroethystine  purple  color  und  perfectly  transparent,  but  the  crystals  arc  mostly 
altered.  This  iJle ration  has  yielded  (It  a  substance  called  /j-spodumene.  apparently  homo- 
geneous, but  in  fact  an  intiraalemiitureofalblte  und  eucryptiteiq.  v.,  p.  4911);  alsocymatolita, 
a  mixture  ot  alb'tie  and  muscavite  ;  also  albitc  alone;  muscovite ;  mioroclioe,  and  kiUinite. 
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—XantholiU  (Heddle)  from  near  Hilltown,  Loch  Ness,  ScotlMid,  b  a 

Steebbbboitk,  p,  240, — ArgentopyriU,  ArgyropyriU  and  FrieaeiU  are  vuletiea,  or  at 
least  cloeel;  reist^  mlnerols.  Thejr  are  essential!}-  identical  in  form,  while  Strang  shons 
that  the  compositioa  of  Ihe  series  may  be   eipressed   by  the   general  formula  AgS  + 


T  stibicoDite,  oecui-  at  Sonera, 


Stilbitb,  p.  846.—  MoDOclinic,  and  tsomorphona  with  harmotoma  and  pbillipsite 
(v.  Lasauls). 

Stremqite,  Nies, — Oiihorhombic,  and  isomorpbous  with  scorodite.  Generally  in  spherical 
and  botn-oidal  agcteeates.  E.  =  8-4.  G.  =  3*87.  Lustre  vitreous.  Color  varioiu 
shades  of  rod  to  cdorTcss.  Composition  Fe,PjO,  +4  aq.  From  the  Bleonore  mine  near 
Geissen,  the  Roihiautcben  mine  near  Waldgiimee  ;  also  in  cavities  in  the  dufrcniw  from 
Eockbridge  Co.,  Va.  (KOnig). 


gray  color.    Named  from  a  single  specimen  probaBly  from  Naf  yag. 

SzABOiTE,  Koch.— In  minnte  triclinic  crystals,  near  rhodonite  inform.  H.  =  6-7.  G. 
=  3-505.  Iiunre  vitreoos ;  sometimes  tending  to  metallic  and  pearly.  Color  hair  brown  ; 
in  very  thin  translucent  crystals  brownish  reJ.  A  sillcat*  of  calcium  and  iron  (RSid)  re- 
lated to  babingtonite.  Occurs  with  pseudobrookiCe  in  the  andcsite  of  the  Aranyer  Berg, 
Transylvania;  Ut.  Caivario,  Etna  ;  Riveau  Grand,  Monte  Dore. 

Color  whitish  to  reddish.    Com- 


Tu.KTiul>LrrB  (Igelstr&m). — A  phosphate  of  iron,  manganese,  magne? 
probablv  a  triplite  remarkable  as  containing  HgO  (17'^  p.o.)  and  Ca 
Horrsjcberg  in  Wermland,  Sweden. 


TAHtALiTB,  p.  869.— Occurs  in  North  Carolina;  in  Coosa  Co.,  Ala. 

Mangaalanialilt  (NordenskiOld)  is  a  manganesian  variety  (9  p .  c.  MnO)  from  UtO,  Sweden. 


Tbllubite. — The  tellurium  oxide  (TeOi)  occnrs  in  minute  prismatic,  yellow  to  white 
crystals,  imbedded  in  native  tellurinm  ;  also  incrusting.  Keystone,  Smuggler  and  John 
Jay  minca  in  Colorado. 
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TemmtTTtE,  p.  SSt.—Fredririie  (H.  SiSgren)  is  a  T&riety  from  Falo,  Sweden,  cum- 

tainingleadtUp.c),  tin  (1-4  p.c.)  and  sUTcr  {2-9  p.c). 

Tekokite,  p  367.— Made  triclinic,  on  optical  gronnda,  by  Kalkowskj. 

e  used  in  Mexico  to  designate  a  mix- 

TBTB4HBDBITB,  p.  255.— Oocurs  near  Central  City,  Qilpin  Co.,  Colorado,  in  crTstalt 
coating  chalcopvrite  in  parallei  position.  Also  at  Newburrport,  Mass. ;  in  Arizona  (16*23 
P.O.  PT). 

Fngtditi  (D'Achiardi)  is  a  variety  with  12-7  p.o.  Fe,  et«..  from  tlio  Valle  Oel  Frigido, 
Ap^nn  Alps. 

Tbaukastte,  Nordtntkilild. — Massive,  compact.  H.  =  8'3.  G.  — 1-877.  Color  whit«. 
Lustre  greasy,  dull.  Composition  dednced  C^iOi  +  CoCOi  -i-  (.'aSOi  +  14  aq,  but  it  is 
Tery  doubtful  whether  the  material  analyzed  was  homogeneous. 

THESABDiTr^  p.  CM.— Occnra  in  large  deposits  on  the  Rio  Verde,  Arizona  (Si11imu)> 

Thohsemolitr,  p.  36G. — Aocording  to  Klein  and,  later.  Brand!  and  Oroth,  thomsenolite 
and  pachnolite  are  distinct  minerals,  Thomtmolile  is  monoclinic,  (i  =^  8B°  37}',  and  e 
(rert.)  :  *  :  d  =  1  -0877  :  1  :  0 9958,  and  has  the  composiUon  (Na  +  Ca)Pi  +  A1,P,  -t-  H,0. 
PaOmoliU  is  inonoclinic,fl  =  89°  4C',  c  (vert.)  -.h-.A-  l-533fl:  1  :  1 63B.  and  has  the  coinpo- 
aition  (Na  -4-  Ca)Fi  -y  AUFi,  Pachnolite  is  a  cryolite  with  two  sodium  atom^  replaced  by 
one  calcium  atom,  and  tJiomsenolite  ia  the  same,  with  also  one  molecule  of  waier. 

Thohsontte,  p.  1M3.  —Occurs  in  amyKduIes  in  the  diabase  of  Grand  Marats,  Lake  Supe- 
rior ;  also  iti  polished  pebblea  on  the  laie  shore.  The  pebbles  are  sometimes  opaque  white, 
like  porcelain  ;  sometimes  green  in  color  and  granular  (variety  called  lintonito)  ;  some- 
times with  llbrous  radiated  structure,  of  various  colors,  and  of  great  beauty.  The  last  are 
valued  as  ornaments. 

Tbixi>litb. — Calcium  carbonate,  forming  largo  tufo-lilce  deposits  in  Nevada,  a  shore 
formation  of  the  former  Lake  Lahontan.  Begarded  by  King  aa  pseudomorph  after  gay- 
Inssite,  but  this  is  doubtful. 

Thoritb,  p.  S40.— A  variety  of  thorite  is  called  uranethorite  by  Collier  ;  it  cont^na 
ft-9fl  U,0,.  Massive.  Q.  =  4126.  Color  dark  red-brown.  From  the  Champlain  iraa 
region,  N.  Y. 

Trr ANTTB,  p.  8&y — Occurs,  oft«n  in  enormous  crystals  or  gronpe  of  cryvtals,  at  Benfrew, 
Canada,  with  rircon  (twins),  apatite  and  amphibole. 

Ahhediie  (Blomstrand)  is  a  variety  from  Smaland,  Sweden,  containing  S-8  p-C.  TO. 

Titanomorphite  is  a  name  given  by  v.  Lasauli  to  a  part  of  the  white  granular  aggregates 
surrounding  rutile  and  raenaccanitp.  and  derived  from  their  alteration.  It  is  a  calcium  tiU- 
nate,  according  to  BetteniioriTs  anijysis,  hut  Cathrein  (Z.  Kryst..  vi.,  344)  shows  that  it  ia 
raally  a  variety  of  titanite.  Leucoxcne  is  a  name  earlier  (1874)  given  by  O-Qmbel  for  a 
rimilar  substance  of  doubtful  chemical  nature  often  observed  in  rocks  ;  according  to 
Cathrein  it  is  a  titanite  with  or  without  a  mixture  of  rutile  microlIt««, 

Topu,  p.  882. — Pseudo-orthorhnmhio  (monoclinic),  according  to  the  view  of  Mallard 
(see  p.  IW). 
Occurs  near  Pike's  Peak,  El  Paso  Co.,  Colorado,  and  at  Stoneham,  Maine. 


TOEBIHTTB, 


p.  418.— WoHon^onjiVi!  fp.  418)  is  referred  to  torbanite  by  LiversldBO  ;  it  is 
New  South  Wales,  not  Wolloogong,  so  that  the  name  is  inappropriate. 


ToiTBifUjm,  p.  839.— Psendo-rhomhohedral.   according  to  the  view  of  Hallud  (}» 
p.  186).  *^ 

Ooonn  in  whit«,  nearly  colorless  crystals,  at  De  Ealb,  St  Lawrence  Co.,  N.  T. 
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TuDnoTE^  p.  388. — Piendo-hexagonal  (tridinic),  according  U>  Schuster  and  also  t. 
Luaulx.     Asmanite  is  probably  identical  vith  it. 

Mantefeuille  has  made  it  artificiallr;  and  it  has  been  observed  vith  zinc  spinel  as  a  result 
ol  the  alteratioD  of  zino  muffles. 

Trithtutb,  p.  389.— The  composition  (Penfield)  U  UFePO.  =  Li,PO.  +  Fe,P,0„  with 
the  iron  replaced  bj  manganese  in  part 

LUhiopntiUe  |Brush  and  Dana;  is  a  Tarietj  fLlmoBt  free  from  iron  <down  to  4  p.c),  and 
corresponding  to  the  formula  LiMnPO,  =  lii,i^,  +  Mn,P,Oi,.  Massive,  cleavaole  (0. 7, 
Wf),  Color  ralmon, — honey  jeliow,  yellowish  brown,  light  clove  brown,  Occuiu  with  otief 
manganesian  phosphates  in  pegmatite,  at  Branchville,  FairUeld  Co.,  Conn. 

Tbifloqiitb  (O.  J.  Brush  and  E.  S.  Dana). — Monoclinic,  near  waTnerite  in  form.  Qen- 
erally  in  fibrous  cryatalline  aggreBatts.  H,  =  4-5-5.  G.  =  8-687.  Lustre  vitreous  to 
greasy  adamantine.  Color  yellowish  to  reddish  brown,  topaz  yellow,  hyacinth  red.  Trans- 
parent. Composition  RiPgOg  +  B{OH),.  with  B  ==  Mn  ;  Fe  =  S :  1 ;  hence  analogous  to 
iriplitB,  but  with  (OHl^raplacinK  F.  With  other  manganesian  phosphates  (eosphorite, 
lithiopbilite,  etc.)  f rom  BranchviUe,  Conn. 

Tbippeeite,  Daihour  and  .Tom  Rath. — In  amall  brilliant  crystals,  tetragonal.  Color 
bluish  green.  Stated  to  be  a  hydrous  arsenito  of  copper.  With  olivenite  in  cuprite  frora 
Copiapo,  Cliili 

TreoinTB,  Allen  and  Comstock.— Hexagonal.  Cleavage  basal.  H.=4-5-6.  Q.=6-13. 
Lustre  vitreous  to  resinous.  Color  pale  wax  yellow.  Composition  {CB,La.Di),F,.  From 
near  Pike's  Peak,  ('olorado.  The  crystals  are  mostly  altered  to  haatnUtUe  (also  called 
hamartite),  which  is  a  fluo-carbonate,  near  parisito. 


Also  from  Mitchell  Co.,  N.  C. ;  mostly  altered  to  gammit«. 

UKANOcntcrrE.  Weisbacb.— Orthorfaombio,  likeauttmite.  Cleavage  basal  perfect.  G.  = 
8-58.  Color  yellow  green.  Composition  BaUiPgOn  +  8  aq.  In  quartz  veins,  Saxon 
Vdghtland.  e  «—  ~i 

nRAHOTHAUJTB,  Schrauf  (Z.  Eijst.,  vi.,  410).— A  minium  carbonate  from  Joachims- 
tha),  originally  mentioned  by  Togl.  Occurs  in  confused  aggregates  of  orthorhombio  crys- 
tals.   Calcul^fd  formula  uCOt  +  SCaCO,  +  10  aq. 

1  Mitchell    Co.,   N.    C.      Oenth    writes   the   formula, 

ViNADiHiTE,  p.  887 —Occurs  in  highly  modijled  crystals  (n  the  State  of  Cordoba,  Argen- 
tine Republic.  Also  in  very  beautiful  ruby-red  crystals  at  the  Hamburg  and  other  mmes 
in  Turns  Co.,  Arizona  (Silliman;  Blake),  and  in  yellow  to  nearly  white  crystals  at  other 
localities  in  Arizona. 

Vaebcitb.- The  so-called  poganlte  from  Montgomerr  Co.,  Ark.,  is  shown  by  Chester  to 
be  Identical  with  Breithaupt'a  variscite.     Composition  AliP,Oi  +  4  aq. 


VramcnLiTE,  p.  BS5.— iVofoiwmiWtis  (KOnig)  and  phthdelpMle  (Lewis)  are  minerals 
related  to  the  other  "  vennicnlites,"  tha  whole  group  being  decomposition  products  of  otier 
micas. 

VESsnre,  Scacchi.— Forms  thin  yellow  cmsta  on  lava  of  1681,  Terovius  ;  suppoaed  to 
contain  a  new  element,  Teabinm, 


..,l,^H 
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+  9  aq,  with  Cu  :  Zn  = 


Walpdkoite,  p.  879.— Trielinie  (pBendo-monoclinic),  according  to  Weisbach. 

WiTTETiLLiTE,  Siiigfir. — Iti  minutc  ooicular  snow-white  crystals.  A  hrdrous  sulph 
of  calcium,  sodium,  potassium,  etc  Formed  from  the  deeompoMtion  of  pfrite  at 
BauerslMrg,  near  Bigchofatieim  vor  der  RhOn. 


— Waluewite  (v.  Eokscharof)  is  a  well  dystalliieil  Tarietj  from 

XsHOTUfB,  p.  864.— Occurs  compounded  with  zircon  in  Burlce  Co.,  N.  C.  (Hidden). 

sulphide  of  lead,  sine,  iron  and  manganese,  bat 

ZucALunviTE,  Bertrand  and  Damonr.— In  thin  hexagonal  platee.  mlnote.  H.  =S'5-8. 
G.  =  3-!M.  Composition  SZnSO,  +  4ZnH,0i  -I-  3Al,H,0t  +  6aq.  From  the  zinc  mines  of 
Lanrium,  Greece. 

ZmcoK,  p.  804, — Occurs  in  fine  twin  ctrstals  (1-t,  like  ratile  and  cassifa 
and  apatite,  in  Renfrew  Co.,  Canada  (Hidden).  Also  with  astrophjllite  ai 
El  Paso  Co.,  Colorado. 

Pseudo-tetrsKonal,  aeconiing  to  the  view  of  MalUrd  (see  p.  186). 

Beetarile  (Qrattarola)  U  a  rarietj  from  Ceylon. 


byGoogIc 


APPENDIX  A. 

ftYNOPSIS  OF  MILLEK'S  SYSTEM  OF  CRYSTALLOGRAPHY. 


Thx  folloirmf;  pARM  oontain  a  condHB  prsBentatioii  of  the  Sjttem  of  Cr^stnllOfrTophj  pro- 
ptwed  by  Piof .  W.  E.  Millar  in  1839,  and  now  employed  by  a  large  proportion  of  the  woiken 
In  JKnOTalogy.  Tha  attempt  has  been  made  to  present  the  BQbject  briefly,  and  yet  with  aoffl- 
cient  fuinass  to  enable  any  one  baTing  soma  previone  knowledge  of  CiystaIlc^;Tapby  cot  only 
to  Trndentand  the  System,  hut  also  to  use  It  himaelt  For  the  fulL  development  of  the  subject, 
eapooiaUj  of  its  theorotical  aide,  refeienoe  most  be  made  to  the  works  of  Miller,  Giailioh, 
Ton  Lane,  Schraof  and  Bauennan  (see  the  Introdaction),  as  also  to  the  admirable  Lectures 
of  Prof.  Maakelyne,  printed  in  the  Chemical  News  for  1878  (toI.  xxzi.,  8,  18,  24,63,  11)1, 
111,  121,  153,  200,  282). 

Gekeral  PBixciPLBe. 

Tk«  6kSm«  ^  ifiSw  and  tMr  niation  to  Viott  of  JVawBann,— The  position  of  a  phine  ABO 
(f.  701)  U  determined  when  the  dietancea  OA,  OB,  00  are  known,  wMoh  it  onta  ofl  in  tha 


IS  Z,  T,  Z  from  their  point  of  int«iMotton  0.  The  lengths  of  thcM  azea  foe  a 
■Ingle  plane  of  a  arystal  being  t*ken  as  anlU,  thus  OA  =  a,  OB  ==  i.  OO  ^  ^,  It  Is  found  that  th* 
tengtha  of  tbe  oomaponding  llnea  OH,  OK,  OL  for  an^  other  piano,  HKL,  of  the  nmo  em> 


A  ■  OH  ~   A     OK  " 


0L~ 


a) 


T\m  nvmbera  repreranted  b7  h,  k,  laze  oalied  the  mdioei  of  the  plEuie and  ilateimine  itt 
pontion,  whan  the  tieinenU  of  the  orystal — the  lengtha  and  mntasl  inclinatioiig  of  the  axea — 
kn  known.  When  the  lines  are  taken  in  tlie  opposite  direction  ftom  O,  they  are  called  neg*- 
tiTei  the  coneHpondiiig  negative  character  of  thn  indices  is  indicated  by  the  minmeign 
placed  CMT  the  index,  thus,  h,  ^,  oil.  Wbea  the  unit,  or  fondamenUl  fom,  is  apptopiiatalj 
cdioeen,  the  nnmberB  repreaenting  A,  k,  I  seldom  exceed  tlx. 

The  above  relalian  may  alM  be  mitten  in  the  form  : 


OH 


OK 


OL 


Hen  r,  n,  m,  which  are  obTloasl;  the  redprocdli  of  the  Indices  h.  k,l  reapectivelj,  aro 
nmmfinll]-  identical  with  the  ^ymboU  of  Nanmuui.  For  example,  if  A  =  3,  ib  =  2.  i  =  3, 
tlieii  r  —  i,n  =  i,m  =  i,  and  the  symbol  (!)22)  of  Miller  beccmea  ia  :  ib  :  ic;  but  by  N«a- 
mann's  usage  this  is  so  transformed  that  r  =  1,  and  n  >  1  (or  sometimes  n  =:  1,  and  r  >  1), 
in  other  words,  by  mnttiptying  thtoagh  by  8,  in  this  cose,  the  symbol  taken  the  foim  a  :  }A  : 
!«,•  or,  M  abbreriated,  j-ji  (JPJ).  The  symbol  o  ;  Ji  ;  Jc  properly  belougs  to  the  plane  HNB 
(f/ 751),  which  is  parallel  to,  and  hence  ciyatallogrephically  identioal  (p.  !1|  with  the  plane 

^)eeiiU  taluei  of  Cha  iaditei  A,  k,l.  It  is  obrions  that  serersl  distinct  cases  are  pairibl« : 
(1)  The  three  indices  A,  it,  I  are  all  greatei  than  uiity,  then  indnding  the  various  pymnidal 
plancB.  The  number  of  similar  planes  corresponding  to  the  general  form  \  hU  (  depend* 
QpOD  the  degree  of  Kymmetry  of  the  crystalline  system,  and  npon  the  special  valuta  of  A,  jt,  ^ 
e.g.,  k  =  k,  etc     These  oases  are  conflidered  later  in  tbeir  proper  place, 

(2)  One  of  the  tbree  indices  may  ba  equal  Co  leio,  indicating  then  tbat  the  plane  is  parallel 
to  the  axis  conespondlng  to  thin  index.  Thna  the  symbol  (AM),  =  a  :  jib  :  m  e,  at -an  :  b  :  x  e 
(p.  11),  belonpfs  to  the  planes  parallel  to  the  vortical  axis  r,  as  shown  in  f.  To2.  They  ar« 
(^ed  prismatic  plnnes.     The  symbol  (AOI),  ^  a  ;  <x)  £  :  me  (p.  11)  belongs  to  the  planes  puw 

aUal  to  tha  axis  4.  us  in  1753.  The ■--'.'"-" ' ---■ ->---■ -       ■■  ■ 

to  the  axis  1,  1  754. 


n  1  753.  The  symbol  (Old),  = 


9,  belongs  Co  the  planes  patallal 


752 


7S4 


/\ 

A 

/   ' — 

/i.     '         -' 

/    1  ^ 

\l   \  \i 

(8)  Two  of  the  indices  may  be 
tfia  bMal  plans,  f.  755  ;  (010),  -. 
tiireo  diametral  or  piDacoid  planet. 

The  svtnbol  (010) represents  the  rlinopintKoid  (I'-J)  of  the  Monoclintc  system,  and  (following 
Oroth)  the  braehi/pinaa.id  [i-t]  of  Ibe  Orthorhombic.    Similarly  jMI)  belongs  lo  the  orlho- 


(amit 


Ths  i^mbol  ia  written  here  In  thin  order  ti 
10,  and  subsequently,  the  reverse  order  )o  : 
Itj  with  Ifanmaim's  abbrtviBled  ^mbola. 
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domes  of  the  Monoclinic,  and  the  maerodomes  of  the  Orthorhombic  sjstem ;  also  (OkT)    . 
belongs  to  theclinodumes  of  the  former,  and  the  brachydomeBot  the  latter.    See  also  p.  467. 

i^herieai  Prnjeetton. — It  the  centre  of  a  oiTital,  that  la,  &m  pdnt  of  inteneotion  of  Ifaa, 
three   lues.  be  taken  ai  the  centre  of  a 

•phare,  and  normalB  be  drawn  from  it  to  708 

the  Baaiienlve  planes  of  tihe  crfsttkU.  the 
poinbi,  where  they  meet  the  mufaoe  of  the 
apheie,  will  be  the  poli«  of  the  reBpectJTe 
planet.  For  cxaD.plo.  in  f.  TnU  the  com. 
moDoentreof  the  ciyBtaland  sphere  ieatO, 
the  normat  to  the  pinne  b  meets  the  surface 
of  the  itpheie  at  B,  of  b'  at  B',  of  d  and  « 
at  D  and  E  i-espectiiel;,  end  bo  on.  These 
polea  evident!;  deteimioe  the  pofiition  of 
the  phme  in  each  case. 

It  ia  obiions  that  the  pole  of  the  plane  b' 
(010)  oppoHite  b  (010),  will  be  at  the  oppo- 
■ite  extxemitjr  of  the  diameter  of  the  sphere, 
and  so  in  general,  ll20j  and  (ISO;,  etc.  It  is 
seen  shso  t^t  all  Uie  poles,  or  normal  potnt«, 
of  planea  in  Che  some  toM.  thiat  is,  planes 
whose  intersection- linen  ace  parallel,  are  in 
the  same  i^reat  circle,  for  inHtaoce  the 
planes  b  (010),  d  (1  ID),  n  (100),  e  (lIO),  and 

It  is  anetomoiry*  in  the  nse  of  the  sphere 
TO  r^nrd  it  as  projectAd  apon  a  horizontal 
plane,  nanallj  that  normal  to  the  prismatic 
■one,  so  that,  aa  in  f.  TSO,  the  prumatio  planes  lie  in  the  ciroomfermoe  of  the  otrole,  and  the 
other  planes  within  It.  The  eye  being  sappoaed  to  be  sitnated  at  the  opposite  extremity  of 
tho  diameter  ot  the  sphece  normal  to  this  plane,  the  great  circles  then  appear  either  ne  afos 
of  oiToles,  or  aa  straight  liiieB.  i.e.,  diameters. 

It  will  be  further  obvione  from  f.  T5t)  that  the  arc  BD,  becween  tho  poles  of  b  and  d.  mea 
•ores  an  ant^le  at  the  centre  (BOD),  which  is  the  snpplemeot  of  the  actunl  interior  angle  hn& 
between  tiie  two  planes.  This  fact,  that  the  arc  of  a  great  oircle  Intercepted  between  the 
polee  ot  two  planes  always  givea  the  sapplement  of  the  actual  angle  between  the  planes  them- 
selvea,  ie  jnost  important,  and  does  much  to  facilitate  the  ease  of  rvil'mlation.  In  oausequenca 
of  thia,  it  is  oustoinary  with  man/  crfstallogrspheni  to  give  for  the  an^le  between  two  planea. 
not  the  interf  Boial  angle,  bnt  that  between  their  norm^s. 

It  is  ODO  of  the  great  advantaitea  of  this  method  of  projeotion  that  it  ma;  be  employed  to 
show  not  only  the  relative  positions  of  the  planes,  but  also  thoac  of  the  optic  axes,  eiul  the 
axet  of  elasticity. 

BtUUion  bttmeen  Vu  iiidioei  of  a  jitant  arui  the  angla  mndt  by  it  mi'C/t  Oir.  luca  — When  the 
aMumed  axes  are  at  right  angles  to  each  other  the;  coincide 
with  the  normals  to  the  piuacoid  planes  (001,  010,  100).  and  7  iT 

OQDseqnentl;  meet  the  spherical  surface  at  their  polea.  When 
the  axial  angles  are  not  W,  this  is  no  longer  true.  In  all 
caaee,  however,  the  following  relation  holds  good  between 
tiie  ooBtnee  ot  the  ong-les  made  b;  a  plane  with  the  axes : 


op 


roosPZ 


op  _ 


)*PT 


op 


ePZ. 


1,  b;  the  introductjon 


Thia  aquation  is  fnndomentaL  andmnnyof  the  relations  given  beyond  aredediioed  from  it. 
It  will  be  seen  that  iu  the  oaae  of  the  orthomatrio  syatems  the  angles  PX.  PY,  PZ  are  tht 
tnpplement-anglea  between  anr  plane  {hid)  and  the  pinaooids  (001),  (010).  (100). 

iUstfmt  btiwteT.  jilantM  in  Vui  tame  snne.— By  the  use  of  the  eqoation  (2),  it  may  be  abowi 


*  Ob  tb«  omatnuHian  of  the  ^herioal  projeottcpn,  aaa  p.  US. 


K.uyiv 


that  U  two  plane*  {.UQ  and  (pgr)  lie  In  Uie  suna  zone,  that  the  following  «qiutlcai 
good: 

lui  oOB  XQ  4-  t}  CM  TQ  +  we  COB  ZQ  =  0, 


I  graat  circle  PR.     Breij  pLuM 


If  DOW  (htw)  be  the  sTmbol  at  one  zone,  and  (efg)  of  auoUter  iutemectiiig  it,  then  the  point 
of  intersection  will  be  the  pole  of  a,  plane  lying  in  both  zonea,  whose  indices  [hii)  must  aaHitf 
two  equations  aimilar  to  (8).     These  indices  are  eqnal  to: 


I  =  fa- 


The  appUcatiim  of  this  priociple  la  eitremel;  simple,  and  ita  importance  cannot  be  over- 
ettimated.     Some  examples  are  added  here,  showing  the  method  of  use. 

Mmimplet  of  tAs  mttfi'jdi  of  anlcuiation  by  zoms,^~[\)  For  the  lone  of  planes  between  (10CQ 
and  (001),  the  zone  indices  are  n  =  0,  t  =  —  1,  w  =  0.     They  are  obtained  by  mnltii^' 
in  die  manner  indicated  in  tbe  following  scheme : 


Ltgeneral 


XXX 


In  this  01 


1 


XXX 


OooNqnentlj  evety  plane  [hh^ 
■4-  wl  =  0,  Ibat  ia,  in  this  case  k 


(3)  For  the  Bone  (001),  (010),  In  a  (dmilar  m 


^-Ar;w=iA?-iy.  n  =  0;T  =  l;w=0. 

the  zone  named  must  answer  tlie  condition:  nA-t-rit 
).    The  general  ^mbol  is  conseqaently  [hdC).     Compars 


XXX. 


1 


a  =  I,  T  =  0,  w  =  0,  and  tbe  aquation  of  condition  beoomes  A  =  0,  and  the  general  njra- 
bol  Is  <OJU).    Compare  f.  766. 

(8)  For  the  priamatio  zone  between  (100)  And  (010],  tbe  general  symbol  will  be  found  to  be 
(AAO).     Compare  f.  750. 
71S8  (4)  For  tbe  pyramidal  zone  between  the  basal  plane  (001)  and 


tbe  unit  prism  (110),  we  have  thescheme: 


=  i,  ■ 


XXX 


For  a  plane  lying  at  onoe  in  two  Kmee,  for  instance  the  |Jan< 
Mteied  S-3  in  1  758,  lying  in  the  zone  1,  2-£,  l-l,  and  in  the  (on* 
iA,  84,  ^S,  1,  1-i.  The  indices,  uvw,  for  the  first  zone  l-{  (Oil), 
J  (110),  are,  obtained  as  above,  u  =  i,  r=l,  w  =  i.  Again,  for 
tbe  zone  between  v4  (010),  1-i  (lul),  the  zone  indices,  cfg,  »re. 
e  =  I,  t=  0,  g  =  1.  The  indices  {hkl),  for  the  plane  (l-'i)  lying  in 
both  these  zones,  and  hence  answering  to  two  equations  of  con- 
dition, are  obteiued  by  miiitiplicaUon  m  a  scheme  exactly  like  that 
already  given,  Tiz. : 

'       w       u       V        IntUscaae       i       1       i       i       1 

XXX  ,    XXX 

get  lOlIO 


A  =  gT—  fw;  jl!  =  ew—  gu  ;  I  =  fu  — ai 
The  plane  has  consequently  the  symbol  (181). 


h  =  l;  h  =  i:  1  = 
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For  the  zone  of  planes,  lettered  on  the  figure  (f,  758)  i-1, 
already  shown,  are  e  =  i,  f  =  0,  g  =  1, 
and  ciinaeqiientlf  the  equation  c[  condi- 
tion reduces  to  A  =  /,  and  the  general 
Smbol  is  hkh.  Thia  zone  is  shown  on 
e  sphi'rical  projeuUon,  f.  7S9,  and  in- 
cludes the  planes  010  (i-1),  131  (8-S),  131 
(3-5'.  Ill  (li.  101  (I-i),  Md  so  on, 

A  second  examp  a  of  the  above  method 
is  afforded  by  the  plane  lettered  2-S  in 
f.  7r>8.  It  lies  in  the  zone  i-i  (100)  to  1-i 
(Oil),  whoso  indices,  uvw,  obtained  as  be- 
fore, are,  u  =  0,  T  =  I.  w  -  1.  It  is  also 
in  the  zone  between  7(110)  and  !■{  (101), 
whose  indices,  efg.  are,  e  =  1,  f  =  i,  g  =  1. 
Its  own  symbol  (hkl)  is  deduced  as  above : 

0      I      1      0      i 

.  ,x,x.x, 

A  =  2;  k  =  l;  1=1. 

The  symbol  is  consequently  (211).  The 
position  o[  this  piano  is  shown  on  the 

spherical  projection,  f.  750,  as  also  that  of  the  zone  first  mentioned  above,  whese  indices 
were  u  =  U.  Y  —  1.  w  =  1,  and  for  which  the  equation  (3)  consequently  reduces  to  A  =  i ; 
the  general  symbol  is  then  (Ait),  the  planes  100  (i-Ij.  211  (2-2),  111  (1),  Oil  (l-r),ete.,  belong 

The  example  employed  here  seriea  to  show  the  extensive  application  of  this  principle  of 
zones.  Supposing  that  in  this  crystal,  1,  758,  /(UO),  and  l-I  (Oil)  have  been  assumed  as 
(undamentiti  planes  in  their  respective  zones,  the  symbols  of  all  the  others  may  be  obtained 
in  this  way.  without  the  necessity  of  ft  single  measurement  ;  the  reflecting  goniometer  would 
indicate  the  presence  of  the  few  neoesaary  zaaiis  not  ahown  bj  the  parallel  intersections. 

Method)  of  Caie'UUion.  —  ln  conaequHnce  of  the  wide  application  of  this  method  of  dater- 
miuing  the  symbols  of  a  plane  by  the  Eonea  in  which  it  liea.  actual  trigonometrical  oatcnla 
tiona  are  not  very  freiiuently  required.  The  uiethodH  employed  are  aJwaja  those  of  uphtrical 
{ngoDometry.  and  in  most  cases  no  formaias  are  needed,  the  problems  arising  requiring 
aothing  but  tbe  Bulutioaof  the  triangles,  mostly  ri^ tit- angled,  seen  on  the  spherioal  projection. 
It  is  to  lie  remembered  that  an  arc  of  a  greiLt  circle,  lietween  two  poles,  shown  in  the  projec- 
don,  ii  always  the  supplement  of  the  actual  inteifaciol  angle  between  the  planes  themselvea. 

Some  of  the  more  commonly  used  fomtnlas  for  the  solution  of  spberioal  trian^es  whloh 
have  been  alreadj  givea  on  p  OS,  nie,  tor  the  snke  of  convenience,  repeated  here. 
In  light-angled  spherical  triangles  C  ~  00°,  A  =  the  hypothennse. 


tani 


h obllqna  an^ed spherical  triangles; 

(1)  Sin  A  :  sin  B  = 

(2)  Coa  «  =  eoe  6  < 
(8)  Cot  6  Bin  «  =  c 
(4j  Om  A  =  -  ooa 


;v  Google 


In  (Mlonliitdon  it  Ig  often  noia  oonTeniant  to  uao.  Inatend  of  ttia  ImttAT  tdnniilaa,  thoac 
espeo[al];  arraiiged  for  logarithin*,  which  will  bo  foond  in  tnj  of  ths  many  traoks  dsTOtad 
to  mathematiool  formulu. 

In  addition  to  the  mere  solution  of  trianglsa  on  tho  sphstioal  projeotioo.  It  is  klao  neoca^ujr 
to  connect  bj  equutii  >n*  the  aotnill]'  measured  angles  with  the  leofftliB  and  inclinalioiis  of 
axes  of  the  cryaudii  themBelveB.  Those  aquations  are  given  in  oonnectioa  with  the  diOera* 
■yRtems. 

Tlie  following  relation  between  the  planes  in  the  same  tone  is  ilso  of  \txj  wide  >p|ili- 

Let  P,  Q,  S,  B  be  the  polea  of  lonr  planes  In  a  tone  (f.  7G0),  having  the  foUowing-  indioM, 
Tix.  :  P  =  {hM),  Q  =  ijigr),  B  =  (udu>),  B  t=  {xj/ty    The  folowin;  relatioii  m^ 
7G0  be  dednceit  between  them,  on  the  snpposition  tiiat  PQ<  PB. 

(4) 


cotPd 

-cotPB 

(P.Q) 

C8.E) 

«„K) 

-oot 

PE 

lQ.Ei  • 

(P.  8)  • 

^  = 

lp~hr 
ru-pa 

po- 

1- 

tu—in» 
b)-/it 

rn-. 

to" 


9) 


By  means  of  the  abore  aqoation  it  is  poeuble  to  deduce  the  indloea  or  Hngle  of  a  fonrtfa 
plane,  when  those  of  the  Uircc  othera  are  given.  In  the  applioatiou  of  thin  prinofple  it  b 
essential  that  the  planes  should  be  taken  in  the  proper  order,  as  shown  above ;  to  acocMn[diA 
this  it  is  often  neoeasaij  to  nse  the  indices  and  ooirespondiog  anj^,  not  of  [hkl),  bat  ib 
nppoeUe  plme  (^t7],  eta 

In  the  orthometric  sTStems  this  relation  admits  ot  being  maoh  simplified. 

If  one  of  the  above  fonr  planes  coincides  with  a  pinaooid  plane  (100),  (010).  or  (001),  and 
snother  with  a  plane  in  a  lone  with  a  second  tiinoooid  90'  from  the  linit,  then  the  folluwi^ 
relations  ho]d  good  for  two  planea  F(AU),  and  Q(p9r)  In  tbii  tone: 

A    ten  PA       k      I 


A*  »  farther  drnpIifieatJOQ  of  the  above  equation  for  the  case  of  a  prismatJe  plane  (UO).  ot 
a  dome  <MMj  or  (OiU),  between  two  pinacoid  planes  W  from  another,  we  have : 

ft_  tan{100){110)_  h      tan  (001)  (/iW).  *  _  ton  (001)  jOii) 

A  ~  t^lTooTi/iM)'  ;  ~  tan  (OOlHlOl) '  i       tan  1001)  (Oil)' 

These  eqnntions  are  the  ones  ordinarily  employed  to  determine  the  symbol  of  any  prismatie 
plane  or  dome.  It  will  be  seen  at  once  ^ac  all  the  above  relations  for  rectoasnlar  sunea  are 
esaentislly  identical  with  those  given  on  p.  59,  though  hero  expressed  in  a  dearer  and  mor« 

Btbtemf  (IV  Crtbtat.lieatior. 

All  crystals  are  divided  into  six  classes,  accordinB  to  thede^rreeof  Q'mmenrwhichciiane- 
terizes  them.  This  symmetry,  as  well  as  the  relations  of  the  different  planes  at  a  oryata],  ii 
shown  in  the  lenjftbs  and  poaitlnn  of  the  axes  nhich  are  taken  for  each.  With  rcfnonoa  tc 
tbeir  axial  relations  cryHtols  are  divided  into  the  following  six  systems: 

L  TtnnKlric  b'g'tfm. — Three  equal  axes  {n,  a,  a)  at  right  aoftlM  to  one  anotlier. 

IL  Tetrngoiial  i%j<(wn.— Two  equal  lateral  axes  (a,  a),  and  a  third  vertiool  axis  {i)  ot  us 
•qosl  length;  aU  at  right  anglee. 


..,1,^ 


H^ 
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m   Bumgonal  SjfiUm. — Three  equal  lateml  azea  (n,  a,  a)  cnwain;  bt  nng^lea  of  60°,  nnl  ■ 
foartii  vertii-at  Kzis  (^)of  nneqnal  leDgth,  perpesdiooJar  to  Ote  plane  of  Che  other*. 

IV.  OrUtorhotiibio  Sgitem. — Three  unequal  axes  (<■,  J,  u)  at  right  ansles  to  each  othei. 

V,  Moncdinie  Sj/attra—Thiet  imeqna]   axe»(r,  A,  dl)   the  angle   beCveen  i  and  b,  aud 
betwAon  b  and  A  =  DO",  but  the  aogle  between  e  and  d  greater  and  leM  than  90°. 

VL   Triniiiue  Sgitem.—Tbiee  nneqnal  ojcea  (i^,  l,>l);  tiui  axial  ansles  all  obUqn* 


I.  Ibouktbic  Sybtkm. 

The  Bjmbol  [AjUJ  embraceii  all  the  forma  pnsaible  oudei  each  ay  stem  in  the  most  general 
oaM.  Siuoe  in  the  leomet^  Sj^tem  all  the  axes  are  of  equal  valne,  it  obviouid;  foUowi 
^m  the  ay mmetrj  of  the  ayitem  that  each  one  of  the  indioee  may  bu  exchanged  for  each  of 
the  othen,  so  that  the  t«tal  nnmbei  of  planea  possible  will  be  given  by  all  the  anongementi 
of  the  indtcea  ±h,  ±k,  ±1,  or  ae  faUowa: 


Md 


Mk 


klk 


VA 


A.  Hdlohedral  Fcmu. 

Thisn  ore  aeven  oosee  poetlble  among  the  holohpdrol  forma  of  this  ayartem.  occordii^  to  tlie 
Taloej  at  k,  k,i.  Theae  are  sbown  in  the  list  below,  to  which  ate  added  the  ^mbols,  after 
Hanmann,  given  on  p.  14,  though,  as  already  explained,  written  in  the  inntrse  order.  In  the 
most  general  oaae  \hH\'  the  fomi  Includea  forty  eigU  similar  planes,  and  in  the  moat 
■peciul  cose  |100J,  there  are  included  dx  similar  planea. 


HtLLKH, 

Kaduank. 

\.  m 

;  h>k>l. 

;  h->k. 

a 

mn  :m« 

,h>k. 

a  :a 

;'(-a 

na-.aia 

6,    110 

;  h-.k  =  \;  1  =  0. 

a 

a  :  no 

7.    100 

:  A=;I,*  =  I  =  0. 

<• 

»ai«a 

II. 

llie  seven  jlstinct  forma  ooTreapooding  to  these  symbols  aza  as  follows,  taken  in  the  mom 
Older  as  on  1  p  14-20,  where  the  forms  are  described : 

Ovba  (t  741).— Symbol  tlO0|,  inoluding  the  six  planes  <1M),  (OLO),  (lOO),  (OlO),  (001). 
(001).     See  also  the  qiherical  projection  (f.  7US). 


'In  general  the  indices  of  any  Individual  plane  are  written  {hkt),  whereas  the  general 
■ymbol  [IJU]  indicates  otfthe  planes  belon^ng  to  the  form,  -varying  in  nnmbei  in  the  different 
E.Tstenu ;  thoa,  in  this  iiyBt«m,  [1001  is  tiie  ^neral  nymbol  for  tihe  lux  elrrjlat  planes  of  tha 


Dodteaitdrm  (t.  7S3).— Symbol  rilDI,  inolndin?  the  tirslre  dUom,  (lift),  (IlO).  tilth 
(lIO),  (101),  (OU),  m\  (Oil),  (lOf),  {Oil).  (lOiUOll).  ^^  '.  I    "A 

Tha  Tel&CioQB  between  Uieee  three  torma  ore  given  ^  full  on  pp.  IS,  10,  uid  need  not  be 
repeated.  Ic  is  to  b«  noticed  that  the  diatonoe  ^tween  two  oontigiiona  polea  of  [1001  and 
[110]  U 43°  (Beef.  76fl):  between  those  of  [100]  and  (111]  it  is  54"  44'  and  between  (ItO)  vad 
1111)  it  !■  3S°  IS'.    Moieorei,  the  angle  between  (111)  and  (111)  ia  70''  88',  and  between  (111) 


prising  twDD^-fom 
TrigmtU  triioetahtdrvtUt  7S9).— STmboI  [AAA],  withA>A,  klMembracingtwectj-foarlik* 


[321] 


raio] 


[810] 


[MIJ 


TetraieethedTvn  [t  770.771). — S;mbol  [iiOl  incln ding  twentj' -four  like  plane*.  jUwcuoa 
tba  BpherJc&l  piojeotion  (f.  TQ6),  the  planes  of  the  [orm  [hMi  lie  in  a  zone  with  the  dodeck- 
bedral  planes,  between  two  pinacoid  planes. 

Haaita/iednm  (f.  772),  [UI].— 'This  is  the  moat  ^neral  form  in  the  sTatem,  isoluding  the 
(ort^-eight  planes  enumerated  on  p.  447.  Their  poailion  (A  =  8,  £  =  8, 1  =  1}  la  shown  «a 
the  spherical  projection  (f.  706). 


B.  Emihedral  Tbrau. 

There  are  two  kinds  of  hemihsdral  forma  observed,  as  shown  on  p.  20 :  (1)  the  Amtflofo 
htdral,  where  half  tlie  qnadranta  have  the  whale  number  of  planes ;  and  (8)  the  AoMAnsAadral 
where  all  the  qaadranta  hare  half  the  full  namber  of  planes.  The  first  iand  produces  inaluud 
tMmihedrona,  indioated  by  the  symbol  K,Ud],  and  tiie  second  kind  produoes  jnrnflci  neraihS' 
itooa,  Indioated  b7Uiea7ml>ol)r[&iQ.    TherasaltiDgforaulo  tbeaerenloaseasieasftjlows- 


..,1,^ 


H^ 
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InoludeB  the  planea  (111),  (111),  (Ul),  (III). 


«[881] 

Bemi-truoeta/udrmu — The  sjmbol  K[?iick]  danotea  the  solid  ahowa  fn  t.  775,  and  ii{hAk\ 
tba  solid  shown  in  1.  778.  Thaj  are  the  hemihedral  forma  of  the  tetragonal  and  trigonal 
CriBootohedrona  reBpectively. 

Hemi-heMClahedro'n. — The  saine  kind  of  hemihedrism  applied  to  the  hexootahedron  pio- 
duces  the  form  shown  in  f.  777,  havinK  the  general  ^mbol  k[MI1. 

Incliiied  hemihedriem  aa  applied  to  the  three  other  solida  of  this  Fystem  piodnces  foima 
in  no  wa;  different,  in  outward  appearance,  from  the  holobedial  foima. 

Paballbt.  HaMiHGDRiaw  prodnoee  distinct.  Independent,  forma  only  In  the  oase  of  the 
tetrahsxahedron  and  the  hezoctahedron.  Theaymbol  of  the  formei  ii  "-[MO],  and  of  tb* 
latter,  ^[/lAll ;  they  are  ahown  in  f.  778-783. 


t[130]  »taiO]  [100]  "-[331] 

re  poasible  in  this  Bjstem,  bat  they  aie  of  <mi 


Mathmtatienl  lidatiant  of  the  IiamelTte  Syilem. 

(1)  The  distanoe  of  the  pole  of  any  plane  P(hlci)  from  the  cnbio  (or  pinaooid)  planee  is  pven 
by  the  fotlowin^  equations.  Theaa  are  derived  from  equation  (2),  p.  443.  Heie  PX(=rA) 
is  the  distance  between  (A^)  uid  (100)i  Pt(^PB}Uthe  distanoe  between  {AJci)  and  [010)i 
ai  d  PZ(=PC|  that  between  {/iJcl)  and  (001). 

The  tollosring  equations  admit  of  much  simplifloation  in  special  ewes,  for  [&t0),  {hAk),  eta 


>PA  =  ,. 


,'PB  =  , 


*» 


>'P0  = 


'  \/(A'  +  A»  +  i')(p'  +  5'  +  r')' 


byGoogIc 


for  the  hemibedinl  form  {t.  779),  ooa  B  = 


For  the  hemihednlform  (f.  776),  c 
TttnOegalitdrmi,  (f.  770), 


a  MVpUmaau  of  tbt 


For  the  hemiliedial  form  (f.  778),  ooa  A'  = 
Simoeta/iidron  (L  773). 

h'  +  m 

For  Uw  hemihediol  form  K[Uq  (f.  777),  o 
Po»  ir[A«].  00.  A'  =  i!~^:!;»;  00.  0' 


*'+*■''■  .«( 

»■+*.+?•  °"< 

ft'-au 

"        »■  +  »  + 

H+a  +  A* 

For  plane,  lying  in  the  same  tone  ib«  method,  of  calculation  given  on  p.  444  and  p^  446 
ne  made  nae  of.  In  many  cowa.  howerer,  the  nmplest  method  of  Mladon  of  a  giran  pnA- 
<m  ii  bf  means  of  the  apberioal  tnonglea  on  the  piojeotion  (f.  7Stt}. 


IL  Tetraooxal 

In  the  Tetragonal  Syitem,  since  the  vertical  aiis  i  haa  a  different  length  from  the  two 
e^aal  UMral  axes,  the  index  t,  teferring  to  it,  isoe verexchangealde  for  the  other  indioea.  h  and  k. 
The  general  form  [AlU]  conseqnenti;  embracea  all  the  planes  which  have  as  their  Bymbol* 
the  diffeient  airangentents  of  ±h,  ±k,  ±1,  in  whioh  J  alwaf.  holds  the  last  plaoa.  Va 
thiA  obtain : 


m 


m 


ha 


m 


m 


m 


khl 

ka 


A.  Hetoheirat  Form*, 

According' to  the  valaegof  h,  k,  and  I  fn  this  general  form  (A=:0,  k=h,  etc.),  differant 
sate,  may  ariM.  By  this  means  we  obtain  a  liat  of  all  the  poasible  distinot  holahedial  fbmii 
lo  tid.  .y.tem.     They  are  anologon.  to  thoae  of  the  Isometric  System. 


Atf} 

\>k. 

m 

h  =  k. 

AM 

/'  or  4  =  0. 

4*0 

*>*.(  =  0. 

110) 

A  =  A^l,J  =  a 

1001 

A  =  0,  f  =  a 

001] 

A=*  =  0. 

a 
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Tha  fonu  MtnrariiiK  to  th«ae  g«aenU  ijmbola  (oompuo  f.  790)  kre  u  tollowi : 

Btual  pla7i«i.—Sjmhol  [001],  inoluduig  the  iiknea  (001)  and  (OOl). 

Pru77u.^(a)  DiamelTol  priun,  or  that  of  the  MCOTut  MTta  (t  788).  STinbol  [lOO],  1* 
idndine  the  four  planes  (100),  (010),  (100),  (010). 

(b)  Unit  prUm,  oc  priem  of  the  fir*t  teria  {t.  784). — STmbol  [110],  embnciiig  the  fooi 
plBneR(llO).  (110),  (110),  (liO).     The  relation  of  these  two  prismH  is  abowD  on  p.  SO. 

(e)  Oetagonai  prism  (f .  78S).  ~  Sjmbol  [MO],  Inolndiue  the  eight  pUue*  (A£0},  (i^iO),  (£A0), 
(^AO),  ihJMj,  (MO).  (tAO),  (AiO). 

OelaAcdron*  oi  iVitniMii.— There  aie  two  Mriea  of  ootBhedral  planea,  oorreipondW  to  the 
two  aqnare  prisms,  (a)  Octahedrons  of  the  M(Viui>  or  dinntttral aeziet.  Symbol  [AOf],  in- 
dndii^  eight  Bimilar  planes.     The  form  [101]  U  shown  in  f.  766. 

{b)  Ootahedions  of  the  Jirat,  or  unlit  lerlea.— Symbol  [MQ,  embiaoing  eight  ^milgT  planer 
The  form  [111]  is  shown  in  L  787. 


788 


787 


The  relations  of  the  vuiona  tetragonal  forms  will  be  nnderstood  by  reference  to  f.  TOO, 
ihowing  the  projection  for  the  crystal  represented  in  f.  780. 

B.  ^miA^ral  Form*.  ^j 

Amtrng  the  bemlhedral  forms  there  are  to  be  distingnished  three 
u«  shown  on  p.  28  «t  »».     I.  Sphenoidai  hemihedrons,  c  '" 

ineiiiied  hemihedrons  of  the  isometrio  syntem.      Tbey  a 
K-mbol  n-r/iAIJ.     Thespbenoid  t[1111  ia  shown  in  f.  781. 

2.  Pj/ramida!  hemihedrons,  that  is,  those  which  are  hemiholohedral, 
vertioijly  direct      These  are  indicated  by  the  symbol  *[WJJ. 

3.  Trapaoidal  heiiihedroos,  hemiholohedral  like  those  jost  mentioned, 
bat  vortiooily  alternate.     They  have  the  symbol  *'[hJd\. 


9  indicated  by  the 


MatAtmatleal  BAMon*  c^  tlu  Tetragtmal  B^tUm. 


AV  .  _,  ™  _  *•«• 


«»'  PA  =  n^nsn^TT.-, ;  ■»•*  PB 


TheM  maj  also  be  ezpTOSsed  in  the  form :  . 

.    .T>.       Jfo'+Pi'  .„„      AV  +  Pa" 

'»^"  PA  = -j;^  >  t"' PB  = -;^i^ 

^  for  UiB  diitance  between  the  poles  of  007  two  plonea  (AiU),  (pff).  we  have  in  gi 
ooaPQ  = 


Ape*+jtyfl'+Iro' 

^  y/  [(A'  +  ft* )c'  +  Po*]  [(J)*  +  8')fl'  +  T'a']  ■ 


The  abure  equations  take  a  nmpler  form  for  Bpeoial  Dssea  often  oocnmng. 

(S)  Plana  ia  the  tmnt  tone. — For  the  EenerHl  owe  of  plane*  [hH)  uid  {pqr)  the  re 
lation  given  in  equation  4  (p.  446)  is  madu  nse  of.  lu  the  ipedal  oaees,  praoticall;  of  the 
tnoet  impoitanoe.  where  the  planes  lie  in  a  zone  with  a  pinacoid  plane,  the  aimplified  foTronhw 
are  employed. 

For  the  ootogoual  priam  tliia  relation  beoomee: 

tan  (100)  (AAO)  =  cot  (010)  (AM)  =  -^. 

-This  foUon  from  equation  (1),  p.  446,  wbioh,  tWtUa  tarn 

I  COB  PA  =  -J  OGB  PC,  (a  =  1,. 

For  an  ootahedion  (AOJ)  in  the  diametral  seriea,  we  have: 

tan  (AW)  (001)  =  y. 

For  thennit  octahednoi  (HI))  we  have: 

tan  <m)  (OOl).ooe  45*  =  i 

IIL    HSXAflONAL  STSTEM. 

The  Hexagonal  Sjatem  anil  ite  hemihedml,  or  rhombohedial.  diviaion  are  both  ioolnded  hj 
ILUer  in  hia  RnouBonGDiUL  Svstbm  (see  p.  462).  All  hexagonal  and  rhombohedrol  formi 
are  referred  b;  him  to  three  equal  axes,  oblique  to  ooe  another,  and  normal  to  the  faces  of 
tbe  unit  rhombohedron.  This  method  has  the  great  diasdTantage  of  failing  to  exhibit  the 
hexagonal  BynnnGtrjeiistinKintheholohedra]  forma,  since  in  this  way  the  similar  pliines  nf  a 
hexagorial  pyramid  receive  two  different  sets  of  Rjiabils.  having  no  apparent  connection  with 
eaob  other.  It,  moreover,  hides  the  relation  between  this  system  and  tbe  tctrsgi.nal  system. 
which,  optically,  are  identical,  since  they  pussesn  slike  one  axis  of  optical  symmetiy. 

The  latter  difficalty  itbs  avoided  by  Schranf.  who  introduced  the  Oktiiohbxa<]un^L  Sts- 
TEW.  In  this  the  optical  axis  was  made  tbe  oiystallographical  vertical  axis,  and  oth^nsiw 
two  lateral  axes,  at  right onglee  to  each  other,  were  asEumed,  a  and  a  t  8.  Thia  method,  how- 
ever, does  not  overcome  the  other  objection  named  aliove. 

In  the  metbnd  of  Weiss  and  Naomaaii  a  vertical  axis,  coinciding  with  the  optical  axis,  woi 
adopted,  and  three  lateral  axes  in  a  plane  at  right  angles  to  it,  they  intersecting  at  angles  of 
00°,  corresponding  to  the  planes  of  symmetry  in  the  bolohedrnl  forma  (see  p.  482).  Id  Ibii 
wajr  ■vily  can  the  symmetry  of  the  hexagonal  forms  be  clearly  brought  ont,  and  at  the  som* 
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dme  tlie  Ml&tion  between  the  bezagonol  and  tetrBgonal  Byitema  exbiblted.  Beoentlj  Qnth 
(Ticb.  Hin.  Hitth.,  1874.  233,  mnd  PI17B.  Siyat.,  ISTS,  p.  262)  hu  shown  tbat  tbe  oompleta 
•ymbolE  of  Weiw  and  Kanmann  could  be  tnuulnted  into  a  renipioool,  inte^nl  form  ufbei 
the  maonei  of  Miller.  Tbe  epobolB  then  obtained,  as  was  aiso  sbown,  admit  of  a  like  oon- 
veniant  use  in  calcnlation.  Essentially  tbe  same  method  was  proposed  in  1BU6  by  Bruyaia, 
and  bis  mgicestion  is  followed  bate;  tbe  more  important  equations,  ezpressins  the  teUtioni 
between  the  poles  of  tbe  pUnes,  their  indices,  aitd  the  axes  of  the  or;  stol  are  also  added. 
They  are  giren  somewhat  in  detail,  since  they  are  not  included  in  any  ot  the  works  ou  Uillar'i 
Ejstsm  before  referred  to. 

A.U  hexagonal  forms  are  referred  to  a  vertJcal  axis,  c,  and  three  eqnal  lateral  axes  in  * 
piano  at  ri^ht  angles  to  it,  intersecting  at  angles  of  60° 
and  130°  (f.  792).     Tbagenaral  symbol  for  a  plane  in  this  too 

^■tem  is  (liAli),  where  it  is  always  tme  that  the  alge- 
Inaio  snm  of  h,  k,  lit  nero,  that  is,  h+  k  +  1  =  0.  The 
Indices  here  are  the  reciprocals  of  those  of  Nanmann, 
except  that  t^e  index  I  haa  the  opposlM  sign,  and  the 
order  of  two  of  the  indices  is  inverted.  Aoooiding  to 
him  tlia  general  symbol  of  any  plane  is  m-»  (  =  mPn), 

or,  In  fall, -^  a:  a:na:mA     Thns  the  plane  8-i(8PJ) 

)  the  tnll   symbol,  Sa  :  a  :  \a  :  Si, 


•^ 


with  the  other  symbols  it  must  be  written.  So  :  |a 
Tbe  reoiprocals  of  the  latter  indices  are  1  :  (  :  1  :  I,  or, 
lednced  to  integers  (and  changing  the  sign  of  I)  (lS3l), 
which  la  the  symbol  socording  to  the  plan  here  fol- 
lowed. Similarly  the  plane  (3243)  gives,  on  taldng  the 
Tcoipraoala,  (a  :  ia  :  ja  :  in.  wbiohiHaqniTalantto2a  :  2a 
:  a  -.ie,  or  in  Nanmann's  abbreviated  form  i-2  (=^FS). 

It  ia  tbe  greali  advantage  of  this  method  that  it  makes  it  pomi'>!e  to  change  the  al 
versally   adopted  ^mbols  of    Wan  and 

Jfaiunann  into  a  form  which  allow  of  all  "03 

the  readiness  of  oaleulation  and  tbe  appli- 
cation to  tha  spherical  projaation  which 
are  the  charsoteristici  of  Uiller's  System. 

In  calculations,  both  by  lone  equations 
and  other  methods,  ouly  two  of  the  indices 
h,  k,  or  I  of  tbe  to'ta  (!ikli)  need  be 
employed,  with  the  remaining  index  i  (re- 
ferring to  tha  rertical  axis).  This  is  oh- 
viotul)'  tme,  ninite  the  three  indices  named 
an  connected  by  the  equation  A  +  k  +  I 
=  0.  Diar^arding,  then,  in  calculation  . 
the  third  Index  i,  as  shown  beyond,  the 
planes  are  rafarred  to  two  oqiial  lateral 
axea,  inteteecting  at  on  angle  ot  120°, 
and  a  third  vertical  axia  i. 

Th«  symbol  [AlZt]  in  ibi  more  gen- 
eral form  embraces  twenty-four  planes, 
as  is  evident  from  an  inspection  of  the 
■pherical  projeclion,  t.  703.  Hare  h,  k,  I 
are  of  equal  value  and  mutually  exohange- 
able,  with  the  condition,  however,  that 
their  algebtaio  sum  shall  ^ways  eqnal 
■ero.    Ot  ths  twenty-four  planes  of  the 

dihexagon*!  pynunid,  the  following  are  those  of  the  upper  quadrante  mentioned  In  order 
fiotn  loCt  to  right  aroond  tbe  circle  (f.  703).  Thoae  below  have  the  aame  symbols,  sxoept  tliat 
the  Index  i  in  each  case  ia  minus  r 


..,l,^H 


BBl.TAIS-lfn.LBB. 


*  i  [11521 

'■  Hoill] 

4.  I&b»] 

6.  [11501 

e.  [OlIO] 

t  [0001] 


[AA2^!M]  ;  k  =  h.:l  =  % 


[mil] 

[1] 

[*^] 


A.  .S<)feA«JniI  Forma. 


nio  fomiB  to  vhicli  these  ^pnbola  belong  Iuta  been  ftliead;  mentioned  on  pp.  SS-M 
The;  mB7  be  brieflj  recapitulated  here.  Thej  are  token  in  tha  rererse  order  bom  that  giTea 
In  the  table. 

jBwoJ  fAinM.— Symbol  (0001)  and  (OOOl). 

Primu.  -,i|  The  unit  pmm  (/).  Qeneml  ^ri°hol  [OliO],  inolading  (s-'e  f.  7S3.  794)  tlie 
mx  planei  with  the  following  HjTnbola:    (OliO),  (1100),  (1010),  (OIlO;,  (1100),  (lOlO). 

(i)  The  diaguTVil  prism  ((-2).  Qeneml  Eyinbo]  [11^],  inclnding  (f.  793,  TS5)  the  folloir- 
ing:  six  planes;  (IlSO),  (1210),  (SlIO),  (ll20),  (l5lU),  (2110). 

\e)  The  dUi^xagonal  prism  [yn).  Qeneral  symbol  [AjfcJO],  embnxni^  tbe  following  twelf* 
planes  mentioned  in  order  ; 

(AiJO),  [hSk<S),  (mO),  (?M0),  Qhm,  (HiO),  (M(0),  (A?iO),  (t?SO),  (IHO),  (tMO),  (fcUD). 

ffexagonnl  pjfT/imiiU  or  Qiuirtioid*. — (a)  The  pjiamids  of  fbefirit  or  unit  teria.  Qeneisl 
symbol  [0/i^t]  embracing  twelve  similar  planes.  All  the  pyramidB  of  this  series  lie  in  ■ 
Eone  between  the  nnit  prism  lOllO]  and  tjie  base  [0001].  A  special  case  of  this  ia  whan 
h^k  =  i^l.    Tbe  planes  of  this  form  {t  790)  are  ahown  on  the  projection,  t.  703. 


[h)  Pyramids  of  Vboteeond,  or  dltgimal  teria.  General  ^mbol  [/ih2h2i\,  inoloding  tweira 
planes,  analogfons  to  those  of  the  pyramid  nnit  series.  All  the  pyramids  of  thia  seriea  lie  la 
a  cone  between  the  diagonal  prism,  whose  general  symbol  is  [11^0],  and  the  basal  plana 
[POOl]. 

Tu>kv»-Med  pfframidt,  iff  Btrytlpid*  (L  797).— Oeneral  aymbtd  \Mtll\ ,  innlDdJae  tlie  twent?- 
fooT  planes  enumerated  on  p.  463. 

le  t«rms  in  th*  symbols  below  is  made  to  ootreepond  to  that  of  tiM  IndltMf 
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B.  Hanihtdrai  Form*. 

Tko  moat  imt)OTtaiit  of  the  hemihedral  fomu  in  this  ByBtem  ara  m  foil  iws : 

1.  Ptbaiiidal  hemihedTism. — This  comes  under  the  bead  of  holohemihediml  fonm,  which 
Ka  vertical];  direct  (gee  pp.  34,  S5).  It  ia  indicated  like 

the  conesponding  heTnihedrism  in  the  tetra^nal  ^stem  708  600 

w[}Jdi\.     It  ia  common  on  apatite. 

3.  RdOHBOBKDRAL  hamihednsm. — These  indaded 
hereare  hemiholohedral,  and  vattioaily  oltemat*.  They 
ua  indicated  in  general  by  K\lildi\.  This  cLaes  is  import- 
But,  since  it  em  braces  the  EHOiiitonzDRAi,  Division. 

(ft)  lUtambohtdrotu,  Symbol  K[iMi]t  tbe  unit,  or 
fundamental  rhombobedion  {+11,  t.  TUtJ)  boa  the  srmbol 


J  l-R,  1.  769)  inolndes  the  planes:  (IlOl),  (0111), 

(loli),  (Oiii),  (ioii),  (iloi). 

(b)  8ealau>Ledron»  (f.  800).     Symbol  K\Mcli\. 

8.  GTKorsAL,  or  trapezohedrol  hemihednsm.  —  The 
forms  here  included  are  holobemiliednd,  and  vertically 
•itemate.    They  are  indicated  bj  i'  [hkli]  .  see  p.  39. 

4.  Tbtratoukdrish. — tbiamt.j'ba  (i)Thon^)oludrai, 
indiottted  by  KT{hkli\  ;  or  [2)  IrapaeAedral  (pyroidal),  as 
aial  lymbol  ia:'[/UcH], 


on  qnartz,  haTiog  the  gea- 


Jfattrnialiaai  Rdatitm*  of  tht  Hexagonal  ^ttem. 

In  the  Hesogooal  System,  as  has  bean  explained,  the  symbol  in  general  hoi  tha  forai 
[hJcli\.  where  the  algebraic  sum  of  A,  k,  and  I  is  zero.  This  general  symbol  has  four  In- 
dioes,  referring  respeatively  to  tbe  three  eqnal  lateral  axes  and  the  veruoal  axis,  as  shown 
in  f.  7S2,  thoa  showing  the  tondameatal  kexagonni  symmetiy  of  the  tOrms.  Since,  however, 
the  position  of  a  plane  is  known  by  its  intersection  with  three  axes  alone,  two  of  the  three 
Ladioea  A,  k,  I  are  all  that  are  needed  in  calculation,  the  third.  I,  beiag  a  function,  as  given 
above,  of  Aaadfc  Tbe  mathematical  relations  of  the  planes  in  this  system  ore  bronght  ont  by 
referring  them  to  three  axes,  viz. ,  two  eqnol  lateral  axes  11,  S,  {:=  a  =  \)  obliqna  (120°  and 
60')  to  one  another,  and  a  third  axis  (^)  of  unequal  length  peipendiculnr  to  their  plane. 

This  applies  also  to  the  oalcnlatiou  by  EOnal  equations.  The  indioea  (n,  v,  w)  of  the  ions 
in  which  Uie  planee  (Ub),  (p^t;  lie,  are  given  by  the  scheme  i 
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(S)  Th«  d»taniM  (PQ)  between  the  polei  of  anj  two  planes  (AJUi)  and  t  pgrt)  is  Klrm  by  tht 
Miiuklion: 

Sit  +  2^(hg  +  pk  +  2hp  +  atg) 

'  1/  [ST  +  icIV  +  *•  +  **)]  [SC  +  4e-(p'  +  ?>  +  Jiff)]- 
(3)  For  special  caaeH  the  above  formnla  beoomea  eimpUfled ;  it  eenre*  to  giTe  the  Taln«  of 
the  normal  angles  for  the  aeveral  forms  in  the  ijatem.     Thej  are  ae  follows ; 
(a)  Hexagonal  Pjiamid  [OA&l,  f.  TOO, 


•  PQ  = 


coe  X  (terminal)  = 


r^^'"^'""^'-iFTW? 


OOB  Z  (see  L  797)  = 
00»  T  (eee  f.  797)  = 


8>'*  +  gc'(A'  +  A^+4M] 
Si' +  4ii(A' +  *•  +  **)■ 

le  +  4^'iA'  +*»  +  «)' 


.7  ,w     n  ^''f*'  +  *•  +  A*)  -  8C 

Filsm[U2Dj, 

_,    .  „  A'  +  f +  4Ai 

«-^'"*^)      =a(A'  +  ^  +  M)- 

oo.Y(dUgonal)  =  3^j,_^-jjj. 
(rf)  BhombolMdioii  ([OAAt], 

00. 1  (terminal)  =  ^,^-^r 
(«)  BoalenohedTon  «[U;^, 

•«•  ^  («"■*»*=  wn^i7(^TFTW 

V,       *  ortA.      8i'  +  8c»(a**  +  2ft*-A') 

0./1-    .1  a?(A'  +  i'  +  4A*)-3i-' 


A_i_f     tan  PC 
p  ~  y  "*  i  '  tan  qC 
If  (J  =  (OIIl),  then : 

tanPO      k 
tanQC"  i' 
Detenaination  of  the  axis  li.— The  valas  «f  6  ma;  bo  determined  bom  an7  one  of  tbf 
■qnatlonB  whioh  have  beer,  given.     The  following  are  simple  oaaes : 

twi(HSA2i)(OO0I)  =  Y" 

AIM  tan  (QUO  (0001) .  dn  60*  =  ^,  or  Mn  (Olll)  (0001] .  iln  flO*  >  JL 

nun.  .V  Google 
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17.    OBTHOBDOimiO    SriTEM. 

Th*  Ortborhombio  Biratem  ts  ohuaoteriiad  t^  three  iui«qiu]  rectuinlar  axea,  (,  !,  i.* 

Tb»  indices  A,  k,  I  may  he  either  plua  or  miniu,  in  the  geDSnu  form  Vtla],  but  thej  are  not 
BxohauKeablQ,  since  tbej  refer  to  axes  af  dlSersnt  lengftba.  Thti  general  Bjinbol  then  embrwM 
the  foUowinft  plane! : 


ilhM];h  =  k. 

[hOl]  ;  i  =  0. 

[OW]  ;  ft  =  0. 
([AW];  I  =0,  A>  t. 
■J[*MJ;  I  =  0,h>  k. 
(lllOl  !  A=it=:],  1=0. 

[m]  i  -     - 

[010]  ; 
[Ml]; 


[mJi 

w. 
[m-rj. 

[ft 

[•■->!• 
[0]. 


These  srmbols  belong  to  the  variooB  distinct  forms  of  this  Bj'stem,  oa  follows  ; 

Pinac<nd».—(,a)  BiW  plane.  Symbol  [001],  includingthe  two  planes (001)  «ad  (OOl).  p) 
Macropinacoid.  S)^tx)l  [100],  including  the  plane  [1001,  and  [loO]  opposite  to  it.  (e) 
Brachypintuoid.     Symbol  [010],  including  the  planes  [010]  and  [OiOl. 

Primu.~{a)  Unit  prism  (/).  Symbol  llO.includingfour  planea,  (110), (ilO),  (ilO),  (lIO). 
(A)  Mocrodiagonal    and  bmchTdiagoDal 

firisms,  hatiUK  respectively  the  symbols 
hkiS]  and  \lchG],  if  A  is  greater  than  k. 
Thus  the  symbol  i-3  corresponds  to  [210]i 
and  i-S  to  [120]. 

ftmiM.— -(n)'MacrodiBgonal,  or  maero- 
domes,  hHTing  the  symbol  [AOT) ;  and  (b) 
brachydiftgoaal,  or  brof^hydomet,  with  the 
symbol  \}ikl\.  la  each  case  the  symbol 
embraces  four  similar  planes. 

Oclahedrona  01  Puramiii*.— The  sym- 
bol [AAfJbelongstotneeJ^ht  planea  01  the 
nnit  pyramids,  all  lying  in  the  zone  be- 
tween the  unit  prism  [110].  and  the  base 
[001].  If  A  =Uhe  form  is  then  [111], 
and  the  eight  planes   are  r   (111),  (ill), 

(ill),  dill,  (Hi),  (iii),  (ill),  (lii). 

Of  the  funeral  pyramids  two  cases  are 
possible,  either[AA(]  or  [khT],  when  A>*;, 
these  correspond  respectively  to  the 
prisms  [A*0]  and  [iAOj.  They  are  the 
macrodmgonal  and  brachydiagonal  pyra- 
mids of  Naumann ;  thus  2-2  (=  d:  26 ;  2c) 
is  [311],  locording  to  Miller,  and  3-3  (=  Sd  :  5  :  2i)  is  [121]. 

•  The  same  lettering  ie  emjiloyed  here  as  in  the  early  part  of  this  work  ;  it  differs  from 
that  of  Miller  in  that  with  him  o  is  the  maerodiagonal,  and  !  the  brachydlagonui  axis. 
FollpTtng  Groth,  and  later  writers  (Bauerman,  etc.),  the  macropinacoid  has  the  symbol 
{fVS\  snd  the  brachypinacoid  the  symbol  (010) ;  similarlv  the  macrodomea  ore  in  eeDenJ 
(W).  »j>d  the  braohycfomes  (Oii). 


For  tba  figures  of  the  abore-mentioned  forms  see  pp.  43-44  Their  relfttions  viU  be  under- 
stood from  an  oaunination  of  f.  801,  showing  the  projection  of  the  crystals  in  f .  758,  p.  444. 
It  will  be  seen  that  all  the  macrodiagonal  pUnes  lie  between  the  zonal  circles  (di&meteTs) 
(llO) (001), and  (100) (001),  and  the  brach;diagoma  planea  between  (110}(001j  and  (010) (OCl). 

Maihematieai  Selalions  of  (he  Orthorhomhie  Syttem. 


COB*  PA  =  009' (AW)  (100)  = 
o(»»PB  =  eo8'(AK)(010)  = 

(^  For  the  distance  (PQ)  lietween  the  poles  of  an;  two  planes  (MI)  and  (pqr) : 


in 

•  +  i'oV  +  l'o'4' 

kf<^lf 

IWV 

«PQ  = 


V[A'i'i!'  +  }^a'c'  +  i-at']    [p't'c" -t- j'oV  +  r^aW] 


(8)  For  planee  lyinK  in  a  zone,  the  general  relation  (p.  446)  is  to  be  emplojed.     For  tlw 
■pedal  caaea,  praoticall;  of  tnost  importance,  the  aimpMed  equations  whicD  follow  arenaed, 
(4)  To  determine  the  lengths  of  the  axes,  the  general  equation  may  be  employed  : 

^  eos  PA  =  I  cos  PB  =  -^  coo  PC. 

Bere  PA,  PB,  PC  are  the  distances  from  the  pole  of  an;  plane  QM)  to  the  pinacoid  pUnes 
(100),  (010),  mi)  respeotivelv.     The  brechvdiagonal  azia,  i,  is  made  the  unit. 
If  the  angle  between  any  dome  or  prism' and  the  adjoining  pinacoid  plane  ia  given,  th» 


angle  between  any  dome  or  prism 
I  follow  Immediately  ; 

tan  PA  =  tan  (AiO){l<IO)  =  -^ 
tan  PB  =  tan  (OH)  (010)  =  ^ 
tan  PC  =  tan  (MQ  ^1)  =  ^ 

V.  UoNOCLINtC  Btbtbu. 

bl  the  Honodlnla  Byatem  there  arc  three  unequal  azsa,  and  one  of  these  maket  an  oblliwa 

angle  with  a  aeoond.     The  axes  are  lettered  as  shown  in  f.  m)S, 

uQ  c  la  vertical,  h  the  oithodiogxjnal  axia,  and  A  the  cUnodlsffOiial 

"^  axis  obUque  to  r,  but  at  right  anglea  to  b.     The  aymbol  [lUl 

'  embrocea  only  fonr  slmllaT  planes  !□  the  moat  general  c»m,  for 

a^Kl"  in  conseqaence  of  the  obliquity  oF  one  of  the  axes,  tho  quaJtautB 

'r  above  in  front  corregpond  alone  to  those  below  and  Inhiiid,  and 

y  those  above  behind  oormapoad  to  those  below  in  front.     Thia  ii 

'     ,       I  seen  clearly  in  the  projection  of  f.  803.     For   ±h,  ±k,  ±1  tkt 

■ymbol  [liid]  IncIadeB  two  distinct  forms,  vIl  : 


(Ji     (Jt?         iMi)         M         S 

The  Tariooa  fonna  aM  ■■  ftdlowa:  . 


HtLLE^S  BTSTEH  OF  OBTSTALLOOSAPHT. 


Prtviu.—{a)  Unit  prton  rilO],  =  d:b  :  aoHI)  ot  Nanraann.  This  nymbol  embraoas fonr 
■tmilar  pnBmktlci  planet.  (^}  Oithodiaffonkl  prisms  [AjU>|.  where  h  >  k.  the  polea  of  theHs 
pil>ma  fall  on  the  priBmatio  toaal  nirde  between  100  and  110  (see  f.  8atJ.  Tbey  conesponi] 
to  the  priima  I'-n  (=  d  ;  nb  :  co  c\  ot  Naamaim.  (e)  OllnodUgonal  priamH.  &7inbal  [AAO], 
h  >  k,  \3ing  between  (110)  and  (OlO).     The;  oonoiipond  to  i-ii  (=  nA  :  b  :  an  c)  ot  Naumann. 

Donu».—{a)  Hemi-orthodomei,  inolading  two  cbbbb,  (101)  and  (101),  the  minvs  domes  of 
KaDmann  (oppoaie  the  obttue  angle) ;  and  alea  (101)  and  (101)),  the  plus  domes  of  Naumann 
(oppo^to  the  acnte  angle  0).  [b)  Clmodomes.  Symbol  [Okl\,  embracing'  fonr  similar  planes 
(0«)(0(;),  (Old),  iOiJ).  The  clinodome  [Oil],  equivalent  Ui  1-1  (=ood  :  b  :  m'J,  is  one  oaaa 
in  tliil  form. 

Pyramuff. —The  pyramids  are  all  hami-pjiamida.  (a)  The  symbol  [fiK]  incladea  tbenoit 
pyramids  in  a  lone  between  [110]  and  [001].  [b)  The  symbol  [AiU|  inclades  two  seta  of  hemi- 
pyiamids,  whose  Indices  have  be^  given  on  p.  416,  oorrespondhig  respectively  to  ~F  and 
+P  of  Natunoim, 

If  A  ia greater  than  J:  these  at«  ortJiodiagoTtai  pyramids,  ooiresponding  to  ±ld:  nb  :a>c)  at 
Naumann.  The  iTmbol  [k/d]  on  the  same  nppoeition  includes  two  seta  of  planes,  like  those 
of  p.  45  j,  and  differing  on^  In  being  eliaodiagaaai ;  equivalent  to  {nd  :  A  :  co  el  of  Nanmann. 

The  ortbodiagonsl  planes  lis  between  the  lone  (100),  (001)  and  (110),  (001),  while  the  olino- 
diotfonal  aie  between  the  latter  (one  and  (010}  (001),  as  is  seen  on  f.  803,  which  firaa  Ih* 
piojeotion  tor  f.  804. 


Mathematkal  Belationi  for  Uit  Mbitcelinio  BytUm. 


lowing  eqantionB . 

A5«  +  (oi  cos  0 

«.  PB  =  ».  («i)  (010)  '^„.,^  :^  „^^  J°;  f  ,',y  v^  ma:  ^  , " 

/iwi  («m  ~    tab  +  hbetxmB 

«»TO  =  oos(«*)(        -  V^v  +  i?aV  sin' «  +  t'o'V  +  V'M't  0M«  '  . 

87  r„i.-.,,.>.K.wvlC 
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(S)  The  dlatiuioe  between  any  two  planes  ma;  be  npieated  la  genets]  form,  bat  fai  dl 
practicalljr  oriunfr  naaet  the  end  can  be  attained  b;  Uie  BOlation  of  one  or  mote  aphadckl  tad- 
angles  on  the  projection. 

(B)  For  the  relation  between  the  planes  in  a  lone  the  general  eqniition  befrae  irlTen  V^Hr 
good: 

cot  P8  -  ootPH  _  (PQ).(SB} 
«.t  PQ  -  oot'PE  ~  (QE) .  (PSJ" 


This  equationla  eapecdall?  valuable  foi  determining  the  Indioaa  of  planes  In  the 
and  olinodome  aeriea. 

(S)  TodeteimlnetheaxialTeUtionathegeneraleqnatlonadmitoof being 
toieadi 

ft         rin  PrA  _  p         rin  QTA       a 
I  •      no  PTC  ~  r  '      sin  QYC  "  n  ' 

k  On  PTA  _  y  sin  QTA  _   b 

■^  J-       '^PJ~T-        oot'QT  -  e- 

The  angles  PYA,  PTC  are  angles  which  nay  be  oalonl»ted  diieotly  b;  spherioal  tHangks 
bom  the  measured  an(^es.  Similorlr  for  QTA,  QTC.  FY  and  QY  are  the  an{^  betvoa 
Om  given  plane  P  or  Q  with  the  olinopilUMoid. 


VL  TRiCLimc  Ststbu. 

In  the  Tiloliaio  £  jstem,  dnoe  Ote  axes  ore  nneqn^  and  all  mntnallj  obliqna,  thera  cmn  be 
no  plane  of  Bjmmetiy,  and  there  can  in  no  case  be  more  than  two  planes  indnded  in  a  ain^ 
form.  The  three  axes  are  diHtingnished  as  a  vertical,  c,  a  longer  lateral,  or  mncrodiagonal 
uds,  i,  and  a  shorter  lateral,  or  brachy diagonal  axis,  d.  The  position  assumed  for  tha  sxes 
is  shown  in  f.  ^50,  p.  80. 

The  general  symbol  [AH] ,  which  includes  eight  similar  planes  in  the  orthorbombio  tTstem, 
Is  here  resolved  into  foot  independent  forms,  embracing  two  opposite  planes  only.  The; 
are  thns: 


These  conespoud  respecUrely  to  mPn  (1),  m"Pn (3),  wiP,n  (3),  m,Vit  (4)  of  Tfanmanit,  oi 
—m-n,  ~rn-n,  m-n',  m-n',  m  the  ahbrcviated  symbols  are  written  in  the  earlier  port  of  this 

Contrary  to  the  usage  in  the  orthorhombic  system,  it  is  cuntomsiy  to  make  [IflO]  tbe 
macropinacoid  (i-t  =  li  ;  »i  ;  ids),  and  [010]  tbe  bnichypinacoid  (i-i  =  eou  ;  4  ;  etc  ,  Planes 
having  Ibe  ^mbol  |/iOI]  ore  then  macrbdoatcs ;  and  those  of  Uie  symbol  [OiU\  nretiracfay- 
domes.  Similarly  then  pymmids  (A  >  k)  of  the  form  [ftlU]  are  macrodiagonsi  planes,  and 
those  of  the  form  (^Aif)  are  brochy diagonal  planes.  The  nnit  prism  oonsists  of  two  independent 
forms  (110),  (liO)  (I  =«?,■),  and  (110;,  (110)  (I=o=',P). 

MaiJiematieal  Selatitms  of  tJit  THcUrai  Syttem. 

In  oonneqncnce  of  tho  obllqnity  of  the  axes  in  the  TiicUnic  System  the  mathematical  rela- 
tions are  Icsi  simple,  aud  the  general  eqnations  dcdnced  ns  before  beoome  so  oomplicated  m 
to  be  seldonn  of  much  practice  value.  Moet  problenui  which  arise  may  be  solved  bj  the  amal 
relations,  or  by  the  solution  of  the  spherical  triangles  in  the  projeotion.  Soma  of  the  mnat 
Importsnt  relations  (given  by  Sohraof)  aio  as  follows: 


..,l,^H 
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If  tlio  ADgls  b«twean  Uw  uea  X  and  Z  =  q.  between  X  aai  T  =  C,uii  betwuen  T  and  1 

=  t  (Me  t  707) ;  if  also  ■>  ^  T  are  the  oarreapondiiig  angles  betweau  Uie  piiuMoid  planen— 
tbeif 


A|  =  [.1  -t- 1  eoa  B  ooa  0  coa  y  —  fpat'  a  +  oos<  0  +■  ooa'  7)]. 


d  I7  Mlanlatlon,  tben  the  folloiru^  eqiuUoii  ^vea  thi 


Aa  Bun  in  f .  SOS. 
ooa  FX  =  am  PBO  ibi  PB  =  alii  PCB  ain  PC ; 
OOB  FT  =  Bin  PCA  du  PC  =  am  PAO  sin  PA ; 
ooa  PZ  =^  Bin  PAB  gin  FA  =  liii  PBA  (in  PB; 

and  also  froni  theae  it  (ollowa  that — 

J  aln  PAC  =  y  ain  PAB  ; 

-|-iinPBA=^BnPBOj 

■i  tin  PCB  =  -r-  «ln  PCA. 
(  =  180*  -  CAB  ;  w  =  180*  -  ABO  ; 


f  =  180*  -  ACB. 


Rri.atioits  of  trb  Six  CRritrAij.niB  Ststbkb  is  Bkbpxot  to  Stuubtky. 

From  a  oaretnl  atndy  of  the  spherical  projeottona  for  the  sacosBsiTe  Bystems  a  ver^r  oIbm 
idoa  mnf  be  obtained  of  the  degree  of  s;mmeti7  which  characterizes  each.  It  is  well  aader' 
stood  that  in  the  leometrjo  SjHtem  there  lue  nine  planes  of  symmetrr ;  in  the  Tetrngonal, 
Jae/  in  the  Hexagooal,  ««wn  ,'  in  the  Orthorhombic,  three;  imd  in  the  Honoclinlc  onlf  oM. 
These  Illations  are  shown  on  the  projections  by  the  B;niinetnc<il  distribution  of  the  polea  aboci 
the  respective  great  drolei.     These  zone-circles  of  sTmmetiy  are  as  follows : 

Itonutrie  Syitan  (f.  7(HI) :  1st.  the  three  diametral  tones : 


1.  (100),  {010).  (100). 
Also  the  diagonal  lones : 

4.    (llOt,  iOOl),  (|I0). 

6.  (liO).  (001),  (110). 
T^ragoaal  System  (f .  TSO) : 

1.    (100),  (010),  (lOO). 


2.    (100),  (001),  (iOO).  8.    (010),  (001),  (filVi. 


2.    (100),  (001),  (iOO). 


8.    (010),  (001),  (OlOV 


A.  (110),  (001),  (lloi.        a.  (ilo).  (001),  (hot. 


uglc 


&nvmati^tmt  (L  708)1 


OrOorhomhk  SyOen  (£.  801) : 

1.    (100],  (010),  (lOO).  2.    (100),  (001),  (100). 

MonoeUnie  BgtUm  {t  804)  i 

1.    (100),  (001),  (iOO). 
b  the  Tdolima  STflem  Uiera  it  no  pluie  of  tjmmt^. 


R    aiOO),  (tOOlj,  llTOBV 
0.    (£110),  (0001),  (»il<^ 


8.    [010),  (001),  (OlO). 


Tm  BHOHBORKDaAL  Divibion  of  Miller. 


lefemd  h>  the  three  eqaal  obliqno  axei 
Uillei.    The  forma  are  oa  foUowa : 

The  planea  having  the  indicea  (IOO), 
(010),  (001)  ore  those  of  the  (pltia)  Iniida- 
mentkl  rhombohedioD,  while  the  plane 
(111)  is  the  baas.  TheplBnea(22I).  (131'. 
{\23)  ore  those  of  the  minus  fnodwjnenUl 
rhombohedioD ;  with  the  planes  (IOO). 
(010),  (001)  the^  form  the  nnit  bexBcooal 
pyramid. 

The  hexagonal  unit  prism  (7^^  {01 JO') 
has  the  symbols :  (21]),  (121).  (112).  (2ll). 
(12i),(ll2).  Theaecond.ordiagvnalhexa- 
gonal  prism  (»-3  =  [1120])  has  the  nj^bc^ : 
(101),  (110),  (Oil],  (101),  (110),  (Oil). 

The  dIhexHgxjnal  pyramid  embiaca. 
like  the  simple  heiagonal  pyramid,  two 
forms,  [kid]  and  [efg\ ;  the  aymbol  [iU, 
hence  belongs  to  the  pins  ■calenohedron, 
and  i^g\  to  the  minna.  In  this  ma  in  otbet 
caaea  it  is  tme  that :  »=  —  h  +  2k  +2L 

The  dihexagonal  pcism  inclndea  the  six 
planes  of  the  form  [AM] ,  and  th«  mnaln- 


ing  glx  of  the  form  [^0]. 

Host  of  the  pioUema  arimng  nndec  thia  syatem  can  be  solTed  by  the  » 
Iqr  the  iraddng  out  of  the  ^erioal  tdao«lefl  on  the  ^>h«ie  of 


•  «1M 


byGoogIc 


APPENDIX    B. 

ON  THE  DRAWING  OF  FIGURES  OF  CRTSTAL& 


In  (Hie  projeotion  of  oiTBtals,  tba  e;e  Es  mppoced  to  b«  at  on  infinite  Oistiuioe,  m  that  Um 
tajB  of  light  fall  from  it  on  the  oiyatal  in  p&ialleL  linsa.  The  plane  on  which  the  crystiol  it 
projected  ia  teemed  the  pinne  of  projection,  Thia  plane  niay  be  at  rig/U  angUs  to  the  tsi- 
tical  Azis,  nuk;  pass  Utrough  the  vertiCHl  axjs.  or  mar  inteiseot  it  at  aa  oblique  nnglt.  These 
different  positiona  give  rise,  respectirely,  to  the  horizontal,  vbktical,  and  oblique  pio- 
JBotiona.  The  rajs  of  light  may  fall  perpendieaiarlff  on  the  plane  of  projection,  or  may  be 
obiiguelj/  inclined  t«  it ;  in  the  former  oaae  the  projection  is  termed  OKTUuoilAFlllc,  io  the 
second  CLINOORAPHIC.  In  the  horizontal  poaitiun  of  the  plane  of  projection,  the  projection 
is  always  ortbographia  In  the  other  poaiCions,  it  may  be  either  orDhographio  or  dinogisphic. 
It  ia  generally  preferable  to  employ  the  vertic^  position  and  clinograpfiic  projection,  and  this 
method  is  elucidated  in  the  following  pagei. 


Projection  or  the  Axb& 

The  projection  of  Che  axes  of  a  crystal  is  the  flrat  step  preliminary  to  the  projection  of  tha 
form  of  the  crystal  itself.  The  projection  of  ihe  axes  in  the  isametric  aystem,  wliioh  are 
eqnal  and  intersect  at  right  angles,  is  here  firsb  giren.  The  projection  oE  the  axes  in  the  other 
ayatems.  with  tlio  excaption  of  the  hexagonal,  may  be  obtained  by  varying  the  lengths  of  the 
proieoted  isometric  axes,  and  also,  when  oblique,  their  inclinations,  bh  shown  beyond. 

Igomeirie  SgaUm. — -When  the  eye  is  directly  in  front  of  a  face  of  a  oabe,  neither  the  sides 
nor  top  of  the  oryatal  ore  riaible,  nor  the  planes  that  may  be 
sitnated  on  the  intermediate  edgies.    On  taming  the  dystal  807 

a  few  de^reesfromright  toleft,  asidelateraJplaneisbroaghi 
in  view,  and  by  elevating  the  eye  slightly,  the  terminal  plane 
becomes  apparent.  In  the  following  demonatration,  the 
angle  of  revolution  is  designated  t,  and  the  angle  of  the  ele- 
vation of  the  eye,  t.  Fig.  907  represents  tbe  normal  poaitian 
of  the  horizontal  axes,  anppoaing  the  eye  to  ba  in  the  direc- 
tioQ  of  tbe  axis  BB  ;  BB  is  seen  as  a  mere  point,  while  CO 
appears  of  its  actual  length.  On  revolving  the  whole  through 
a  number  of  d^rees  equal  to  BUB'  [S;  tbe  axes  have  the 
pceition  exhibited  in  the  dotted  lines.  Tbe  projection  of  the 
semiaxis  MB  is  now  lengtbenad  to  UN,  and  that  of  the  semi- 
lucia  UC  ia  ahortened  to  UH. 

li  the  eye  be  elevated  (at  any  angle,  t),  the  lines  B'N,  BH, 
and  OH  will  bu  projected  respectively  below  N,  M,  and  H, 
aud  the  lengths  of  uiese  projections  [whloh  we  may  deugnate  ft'N,  biS.,  and  e  H)  will  be  di- 
rectly proportional  to  the  lengths  of  the  lines  B  N,  BM,  and  C'H. 

It  is  usool  to  adopt  snch  a  revolution  and  such  an  elevation  of  the  eye  as  may  be  expressed 
bj"  a  simple  ratio  between  the  projected  axes  Tbe  ratio  between  the  two  axes.  UN  :  MI!, 
as  piojeated  after  the  revolution,  is  designated  by  1  :  r ;  and  the  ratio  of  b'S  to  MH  l:^  1  :  J 
Suppose  T  to  equal  3  and  t  to  equal  2,  then  proceed  as  follows : 


..,1,^ 


H^ 


;-         "ejt^a^ 


AA',  H'H  (t  906),  inteiseoting  one  anotlier  at  right  an^ilet.     Haks  IfB  = 

Ig  UH'  =  d.     Divide  HH'  into  S  (r)  parts,  and  through  Iht 

pointfl,  N,  N',  IhoB  dAtemiined,  dian  perpeudicnl«ia  ut 

On  tha  loft  hand  rerUcal,  Rot  off,  below  H.i 


part  H'B,  equal 


1. 


HM;  aud from Bdnw  RSI. 
ia  the  pru- 


and  extend  tbe  sanie  to  the  Tertical  N". 
jecUon  of  the  front  horiionlal  axia. 

Draw  BS  parallel  with  HH'  and  connect  SH.  From 
Uie  point  T  in  which  SM  intoTEects  BS,  draw  TC  p*l- 
allel  with  HH.  A.  line  (CC)  drawn  from  C  tfaioash  X 
and  extended  to  the  left  Tertiool,  is  tbe  pcojection  ol  thi 
ude  horiiontal  axis. 

Lay  00  on  the  right  vertical,  a  part  UQ  equal  to 
-HH,  and  moke  UA-MA'=UQ;   AA' ia  the  Tertical 

azU.     If.  as  here,  r  —  S,  luid  t  =  2,  then  S  =  18*  SS, 
*"  and  1  =  9°  28',  for  oot  8  =  r,  and  cot «  =  r». 

Tetragonal  and  OrthorkomMe  S3/»tem*. — Tbe  axes  AA'.  CC',  BB,  constmcted  in  tlie  mvuiei 
deacrihed,  aie  equal  and  at  right  angles  to  each  other.  Tbe  projection  of  the  axes  of  a  tetra- 
gotuil  crystal  is  obtained  b^  simply  laying  off,  with  a.  scale  of  proportional  parta,  on  UA  and 
HA'  taken  as  units,  tbe  value  of  tto  vertical  axis  (r)  for  the  given  species.  Thus  for  airoon. 
where  c  =  iSi.  we  must  lay  off  -64  of  MA  above  M  and  the  same  length  below. 

For  an  orthorhomhio  crystal,  where  the  tliree  axes  are  unequal,  the  length  of   i  mnu  as 
before  be  laid  off  above  and  below  from  H,  aud  that  of  £  to  the  right  and  left  of  M,  on  CC . 
HO  being  taken  as  the  nnit.     It  is  usual  to  make  the  front  axis  MB  =:  <!  =  i. 
JfomwUnu  SgttBm. — Tbe  axes  6  and  d  in  the  monoclinio  system  are  inclined  to  one  anotiiei 
at  an  obliqe  angle  =  8.     To  project  this  inclinstion,  and 
800  thns  adapt  the  isoinetrio  axes  to  a  monoclinic  form,  lay 

off  (t,  809)  on  tbe  axis  UA,  Hn  =  HA  out  B,  and  on  Uia 
axis  BB'  ^.before  or  behind  U,  according  as  the  inclinatioD 
of  d  on  c,  in  front,  is  acute  or  obtnse)  Hi  =^  MB  x  bid  $. 
From  the  points  6  and  a,  draw  lines  parallel  rcEpeotiv^y 
with  tbe  axes  AA  and  BB',  and  from  their  interaectifin 
D'.  draw  tbroogh  M,  D'D,  making  HD  =  MD'.  The  litu 
DD'  is  the  clincdiagtmal,  and  the  lines  AA,  C  C,  DD  re- 
present the  axes  in  a  monodinio  nolid  in  wluch  a  =  b  ==  t 
=  1.  The  points  a  and  b  and  the  position  of  tho  axis 
DD'  will  vary  with  tbe  angle  0.  Tbe  relarive  valnea  ol 
the  axes  may  be  given  them  as  above  explained  *  tbu  is. 
If  d  =  1,  lay  off  in  tha  direction  of  MA  and  HA'  a  line 
eqnal  to  i,  and  in  the  direction  of  HC  and  HC  a  lin« 
eqtu^  to  b,  etc 

2'rieiiiite  Sj/ntem.—Tha  vertical  sections  through  tLe 
horizontal  axes  in  the  triclinio  system  are  obliqnely  in- 
olined ;  also  the  inclination  of  tbe  axis  a  to  each  axis  t 
■nd  e,  te  obliqne.     In  the  adaptation  of  the  isometrio  axes  to  the  tiiolinio  forms,  it  ia  Uiere- 
...  tore  necessary,  in  tbe  first  place,  (o  give  the  reqtiifdie 

"'■''  obliquity  to  the  mutual  inclination  of  the  Tortical  aeo- 

tions.  and  afterwards  to  adapt  the  horiiontal  axes.  The 
inclination  of  these  sections  we  may  designate  A,  and  ak 
heretofore,  the  angle  between  a  and  b.  7,  and  a  and  c,  g. 
BB' is  the  analogue  of  the  bracbydiffonal,  and  CC  of  tbe 
uucrodiagonaL  An  obliqae  inclination  may  be  given  tha 
vertical  sections,  by  varying  the  position  of  either  of 
these  pections.  Permitting  tbe  brachydiagoual  aectko 
ABA  B'  to  remain  unaltered,  we  may  vary  the  oUioe  see- 
tion  OS  follows: 

Lay  off  <f.  610)  on  UB,  W>'=  MB  k  00a  A,  and  on  UM 
axis  C  C  (to  the  right  or  left  of  M,  according  ^  the 
avnte  angle  A  is  to  the  right  or  left).  Us  =  HO  x  sin  A ; 
completing  the  parallelogram  H6'  De,  and  drawing  tiie 
diagonal  HD.  extending  the  same  to  D'  so  aa  to  make 
UD— HD,  we  obtain  the  line  DIK  ,  the  TerticalaMOiitt 


H.Uy 


H^ 


OK  THK  nKATTDIQ   OF  FISUBEB   OF 
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[NiwHiiu.  tfaKmsli  thia  line  ii  the  ooirect  rooorodiHgonal  ieetton.  Tha  mclination  of  a  to  Out 
new  mscTDdi^ouAl  DD'  u  (till  a  light  angle  ;  u  also  the  mctmatioii  of  a  to  £,  their  obtiqna 
iuoliiudioii*  maybe  giTCn  them  as  follows:  Lay  oS  od  HA  (f.  810),  Mo  =  MA  kcob  ^,  imil 
on  tho  axis  BB'  (brachydiagonal),  Kb  —  HB'  x  sin  0.  By  uompleting  the  parallelngrsm  3fa. 
Ki,  the  point  E'  is  determinsd.  Make  iww  —  WR;  EE  in  the  prajucted  bruchj diagonal. 
Again  lay  off  on  MA,  Ma' =  MA  x  com  a.  and  on  HD',  Co  the  left.  MiJ  =  MD' x  sin  a.  Dran 
lines  from  a'  and  d  iiarallel  to  MD  and  MA  ;  F',  the  iotersRction  of  these  lices.  it  one  extremity 
of  the  moorodiagonal ;  and  the  line  FF',  in  which  MF  =  MF',  in  the  macrodiagonaL  The 
vertical  alia  AA'  and  the  taoriaontal  axes  EE'  (brachy diagonal)  oiul  FF'  (macrodiagonal)  thnl 
obtained,  tfre  the  azea  in  a  trlalinio  form,  in  which  a  ~  b  =  e=  1.  Different  Titlues  may  be 
given  these  aiaa,  according  to  the  method  heretofore  illnatrawd. 

Hexagonal  Sfftttm. — In  this  aystem  there  are  three  equal  hoiiztmtal  axes,  at  right  angles  Ui 
the  vertical  axis.  The  uounal  position  of  the  horiiontol 
axes  is  represented  in  f.  811.  The  eye,  placed  in  the 
line  of  the  axis  TX,  observes  two  of  tJie  semiazes,  MZ 
and  MXJ.  projeoted  in  tiie  same  etiwght  line,  while  the 
third,  HT,  appears  a  moie  point  To  give  the  axes  a 
more  eligible  ponitiOD  for  a  repreaentat'on  of  the  Tarions 
planes  on  the  solid,  we  revolve  them  from  right  io  left 
through  a  certain  number  of  dajfrees  B,  and  elevate  tbo 
eys  at  an  angle  t.  The  dotted  lines  in  the  figure  repre- 
sent the  ai(B  in  their  new  situation,  resulting  from  a 
revolution  through  a  number  of  duress  equal  to  S  = 
TMT'.  In  Uiis  position  the  axis  MY  is  projected  npon 
HP,  MU  npon  MN,  and  MZ  on  MH.  Dcagaating  the 
Intermediate  aiii  I,  that  to  the  right  XI,  that  to  the  left 
in.  If  the  revolution  in  suo'i  as  to  give  the  projeotiona 
of  I  and  II  the  ratio  of  1  :  V,  the  relations  of  the  three 
ptojecdoas  will  be  as  follows :  I  :  II  :  III  =  1  :  3  :  3. 

Let  as  take  r  (=  PM  :  HM)  eqnsl  to  3,  and  >  (=  b'P  i 
PH)  aqnalto  3,  these  being  the  most  oonvenient  ratios  for 
representing  tha  hexRgonal  orystallins  forma     The  folloTlng  will  be  the  mode  of  conttmo 

1.  Draw  the  lines  AA,  HH  (f.  812}  at  tight  angles  with,  and  bisecting,  each  other.  Let 
QH  =  b,  or  BH  —  2A  Dividu  HH  into  six  parts  by  vertical  lines.  These  lines,  indnding 
the  left-  and  tight-hand  verticals,  may  be  nambered  from  one  to  six.  as  En  the  Bgnre.  In  tha 
first  vertical,  below  H,  lay  off  H3  =  ib,  and  from  S  draw  a  line  thioipgh  M  to  Uie  foartli 
vertical.     ¥Y'  is  the  projeotion  of  the  axis  I. 

2,  From  Y  draw  a  line  to  the  sixth  vertical  and  parallel  with  HH.  Fiom  T,  the  eztremitj^ 
of  tills  line,  draw  a  line  to  K  in  t^  second  vertical. 

Then  from  the  point  U.  in  which  TN  inteiseots  the  B\2 

fifth  vertical,  draw  a  line  throngh  M  to  the  seoond 
vertical ;  UU'  is  the  )>roje«ti(Hi  oi  the  axis  II. 

8.  From  R,  where  TN  intersectn  the  third  verti- 
cal, draw  SZ  to  the  first  vertical  parallel  with  HQ. 
Then  from  Z  draw  a  line  throngh  M  to  the  sixth 
vertical ;  this  line  ZZ'  is  the  projection  of  the  azia 
UL 


4.  For  the  vertical  axis,  lay  off  from  N  on  the  s«c> 
ond  vertical  If.  813;  a  line  of  any  length,  and  oon- 
•tmct  open  this  line  an  equilateral  triangle ;  one  side 
(NQ)  of  this  triangle  will  intersect  the  first  vertical 
at  a  distanoe,  HV,  from  H,  oottespondlng  to  Z  H  ia 
t.  811 ;  for  in  the  triangle  NHV,  the  angle  HN7  is 
an  angle  of  30°,  and  HN  =  iMH.  MV  Is  therefore 
the  radios  of  the  circle  (f.  6U).  Hslce  therefore 
MA  -  MA'=  HV  ;  AA'  is  Uie  vertical  axis,  and  YY', 
tm',  ZZ'  are  the  projected  horizontal  axes. 

The  vertical  axis  has  been  constructed  eqnsl  to  the  horiiontal  axes.  Its  actual  length  In 
different  hexagonal  or  rhombohedral  forms  may  belaid  off  according  to  tbs  method  sulScienUj 
B^^ained. 

The  projection  of  tha  isometric  and  hexagonal  axes,  having  been  once  aeeuraMg  made,  and 
that  on  a  conveniently  large  soale,  m^  be  kept  4B  a  piece  of  cardbinrd.  and  wiU  then  answer 
•11  subsequent  requirements.     Whenever  ne^ed  for  ose,  these  axes  m^  be  tnuisfemd  to  * 
■bMt  of  piver,  and  then  adapted  in  length,  or  inoUnation,  or  both,  to  the  case  in  hand. 
80  nuli...-;..^.^-W^ 
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Pbojectioh  of  tob  Tojoa  or  Chtriu. 

ie  fortM. — Wfaen  Uie  udal  oro«  hM  been  oonitniotad  for  tbe  glTan  q)ecles,  ihe  oail 
octahedron  ia  obttuned  at  once  by  joining  tbt 
SIS  eztremitiee  of  tba  axes,  AA',  BR,  CG  ,  ms  id 

t.  813.  Here  aa  in  nil  oones  Ibe  lines  whicb 
fall  in  front  are  drawn  stronglj,  while  tiroee 
behind  aia  mmply  dotted. 

For  the  diametral  pritira  dmw  throngh  B. 
B',  C,  C,  of  the  projected  aiea  of  anj  spedo. 
linea  pariLllel  to  the  axes  BB ,  CC,  on^  xhej 
meet;  the;  make  the  pkrolldogTaai,  ahti, 
wMoh  Is  a  tianBvetM  section  of  the  priBm.  pai- 
allel  to  the  base.  Through  a,  b,  e,  d  dzas 
lines  parallal  and  equal  to  the  vertical  axit, 
iDakuig  the  parte  abovo  and  below  these  pointa 
eqnal  bo  the  vertical  semi aziB.  Then,  connect 
the  extremitieE  of  these  Lines  by  linea  paralld 
to  ab,  be,  ed,  da,  and  the  fijiuie  will  be  that  of 
the  diametral  prism,  coireBponding'  to  tlie  axH 
projected. 

In  the  ease  of  the  isometric  syateia  this  di»- 
metnl  pilsm  is  the  cnbe,  whose  faces  are  represented  b;  the  letter  JI\  in  tbe  teLrvgoaal 
■Tstem  it  It  the  prism  0.i-i\  intbeorthorhombio,thepriani  0,  i-i,  i-i;  InthemonocUnic,  tba 
prism  0,  i-i,  i-i ;  in  the  tricUnic,  0.  i-i,  i^. 

The  vnit  •certiad  prium  in  the  tetmgwial,  ortborhombic,  and  clinometno  tTstems  ma;  be 
projected  b;  dmwlng  linea  parallel  to  tbe  Tertioal  axis  AA'  throngh  B,  C,  B'.  C,  making  the 
parts  above  and  below  these  points  equal  to  the  vertical  semiaiis ;  and  then  connecting  tlw 
extremitiee  of  these  lines  b;  lines  parallel  to  BC,  CB',  B  C ,  C  B.  The  plane  BCB  C  is  a 
tranarersB  section  of  soch  a  prism  parallel  to  its  base.  It  is  the  prism  O,  I,  in  each  of  IIm 
^sterns  excepting  the  triclinio,  and  in  that  0, 1,1';  a  igtiurt  prism  in  tha  tetmgo  ml  i^stem ; 
*  rigM  rAotnitu  in  the  ortharhombic ;  an  oUigMt  Thombus  in  the  monoclinic ;  an  obli'^ae  rhoo* 
boidsl  in  the  triolinlc 

Other  simple  forms  nndet  tlie  different  sTstems  are  ooostmcted  in  essentlollr  the  same  w^. 
U  is  only  necessary  to  lay  down  npon  the  axes  each  plane  of  the  form,  in  lightly  drawn  linai, 
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In  f.  614  th«  tfarsfl  plonea  of  Uie  flnt  octant  are  repreacntod,  they  are  3  :  1  : 1,  1  :  2  :  1, 
Biid  1:1:2.  It  wiii  b«  Men  here,  what  U  aJiirays  tnie,  thst  the  two  pointi  of  intenectloii 
required  1o  deterroine  the  line  of  intersection,  lie  in  IJie  nxinl  j^nf),  Tbe«a  linei  of  inteneo- 
tioti  ace  nipcesened  by  the  dotted  linea  in  1.  S14.  If  the  same  pnioeBS  be  performed  for  the 
other  octants,  the  complete  form,  as  in  1  810,  will  be  obbiiiied. 

t^imilarl;  in  f.  8'6.  the  octagoDal  pyramid  1-2  is  conatrncted ;  the  figure  ehoirB  the  planet 
of  one  octaat  only,  c  :  Za  :  a,  and  c  :  a  :  2n,  and  the  dotted  line  given  their  liqe  of  interaeo- 
tion.  Cociy  oat  (jie  aame  plane  of  oonntruction  in  the  other  octants,  asd  the  fona  of  f.  (317 
will  result. 

The  ooDBtraction  of  the  Tarions  otystalMne  forms,  by  thin  method,  especially  those  of  the 
bamctric  Kystem,  will  be  found  an  ioteresting  and  instmctive  process,  and  will  lead  to  n  cleur 
naderataoding  of  the  forms  themBetves  and  their  relations  to  each  other.  Another  and  quicker, 
Ihong-h  more  meohonical  method  of  constructing  the  isometric  forou  may  also  be  given. 

Pitjection  of  Simpla  Jsomttrie  Fontu, — ^This  method  depends  apon  tbe  principle  that  In  the 
different  ieonietric  forms  the  Tertices  of  the  solid  angles  are  occupied  by  one  or  more  of  the 
Interiucs  (p.  10).  If,  therefore,  these  points  (the  extremities  of  the  interozeB).  can  be  deter- 
mined in  the  several  orystolliae  forms,  it  is  only  nececsary  to  connect  them  in  order  to  obtain 
the  projeotion  of  I^e  solid  itself. 

An  a  preparation  for  tbe  oonsamction  of  flgnrei  of  isometrio  crystalB,  it  is  desirable  to  have 
at  hand  the  fignre  of  a  cube  projected  on  a  large  xcale,  with  ita  axes,  and  its  trigoiiai  (oclabe- 
drat),  and  T?ioinlne  (dodecnhedral)  interazea 

The  valaes  of  the  Interaies  t  and  r,  for  a  given  form,  are  obtained  by  adding  to  their  ma- 
tnal  length  the  valnes  of  ('  and  r'  respectively  given  by  tlie  foLowing  eqaations  ■  those  of  tha 
ootahe£tn)  being  taken  as  a  nnit : 

_  2mn  —  (m  +  n)        j  _  "  —  1 
-    ian+(m  +  n)  *    "^  "  ^Tt ' 

The  proportion  to  be  added  to  t^o  inteiaxea  for  some  of  tbe  common  forms  is  as  followii 


81  4  t  3-3  i  t 

To  constmot  the  form  4-3,  the  octahedron  is  first  to  be  projected,  and  ifa  axes  and  Inter- 
azee  drawn.  Then  add  to  each  half  of  each  trigonal  interaxis,  five-HRvenths  of  its  length  ; 
and  to  each  halt  of  each  rhombic  interaxis,  one-third  of  its  length.  The  extremities  of  the 
lines  thas  extended  are  siitaated  in  the  vertices  of  the  solid  angles  of  the  bexoctahedron  4-3, 
tjicl  by  connecting  them,  the  projection  of  this  form  is  completed. 

In  the  inclined liemihedrai  isometric  forms  (p.  20),  tbe  rhombic  interaiea  do  not  terminate 
In  the  vertices  of  the  solid  angles,  and  may  therefore  be  thrown  out  of  view  in  the  projection 
of  these  solids.  The  two  halves  of  each  trigonal  intenuis  terminate  in  the  vertices  of  dis- 
similar anglpB,  and  are  of  unequal  lengths.  One  is  identical  with  the  correspoodlng  intemzia 
in  the  holohedral  forms,  and  is  called  the  holohedral  portion  of  tbe  inteiaiis;  thectberisthe 
hemihedial  portion.  The  length  of  the  latter  may  be  determined  by  adding  to  the  half  of 
the  octahedral  interasis  that  portion  of  the  same  indicated  in  the  formula : 
2mn  -  {m  —  n) 
mw  -Km  —  n>  ■ 

If  the  different  balres  of  the  tiigonal  interaxes  be  asanmed  al  one  time,  as  Oie  hotohedral, 

and  again  aa  the  hemihedial  portion,  the  revene  forme  --g—  and  —  ^-=-  may  be  projected. 

The  following  table  oontaina  tbe  valuea  cf  the  above  traotton  for  several  of  the  inclined 
hemihednl  forms,  and  also  the  corresponding  valnea  for  the  holohedral  portion  of  the  intor- 
azla: 

HoL  tnteru.    Han.  lotcru.  HaL  IMtnl.    Hem.  Intim^ 

*-^  (1 76,  p. »)       0  S  ^((.95)  I  I 


(«■») 


(t  81)  i  8  '-^  (f.  87) 
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APPENDIZ. 


The  paraJtd  hentihedT)>n$  (foi  example,  the  pentagonal  dodec&bedron,  or  hami-tetntiezBtke 
Atod)  conlam  a  Bolid  angle,  sitnatediualinelHtweea  the  extremities  of  each  pait  of  Bemiaxca. 
which  is  called  an  vimj/mmetrieal  aolid  angle.  The  verticea  of  these  anglea  are  &t  iin«qiu] 
distancea  fiom  the  two  adjacent  axes,  and  therefore  aia  not  in  the  line  of  the  rbombu;  iDEec- 
axes.  Tlie  co-ordinates  of  thia  solid  angle  for  aof  form,  as  -„  -  ,  ma?  be  fonnd  h;  the  foc 
mulaa  — and  — ^^ — - — r-.     B;  means  of  these  formulas,  the  sitaation  of  two  pointa,  * 

and  b  (f.  81^),  in  each  of  the  axes  may  be  determined  :  and  if  lines  are  drawn  through  n  tai 
b  in  each  SBmiaxis  parallel  to  the  other  axes,  the  intersectiona  n  c  ,  of  these  lines  will  be  Om 


vertices  of  the  nn^mmetrical  solid  angles,  thow  marked  eof  the  form  -- 
I*  ol  the  form  -  ^'  ■ 


-  and  those  marked 


TIiB  Mgonal  interaies  are  of  the  same  length  as  in  the  bolohedral  forms.  The  vathM  of 
these  int^axes,  and  of  the  coordinates  of  the  unsymmetrical  solid  sogle  for  different  paralUl 
hemlhedions,  ate  contained  in  the  following  table  : 


CoSid.  of  Uw 


PreiteUon  of  a  Wumibokedron.—ln  conatract  a  rhombohedron,  lay  off  ferticnls  th-ongh  Um 
extremities  of  the  horizontal  axes,  and  make  the  porta  both  above  and  below  these  e  clremitie* 
eqnal  to  the  tbird  of  the  vertioal  aemiaxis  (f.  819).  The  points  B,  E,  E .  E,  etc.,  are  thui 
determined  ;  and  if  the  extremities  of  the  vertical  axia  be  connected  with  the  poinvsE  or  E, 
rhombobedcons  in  different  poeitiona,  mil,  or  — mR,  will  be  constmoted. 

SeaUnohfdron. — The  scolenohedron  m"  admita  of  a  mrailor  conatrnetion  with  the  rhombohe 
dron  mB.  The  only  variation  required,  is  to  multiply  the  vonical  axis  by  the  nnmbcr  of 
units  in  n,  after  the  points  E  and  E  in  the  rhombobedron  mR  have  been  determined  ;  theo 
oonnect  the  points  E,  or  the  points  £  ,  with  one  another  and  with  the  extremities  of  the  Ter- 
tioot  axifl^ 

2.  Complex  .Formi.^When  it  is  required  to  figure  not  only  the  planes  of  one  foTOV,  that 
la,  those  embraced  in  one  symbol,  but  alao  thoeo  of  a  nnraber  modifying  one  another,  a  some- 
what different  process  is  fonnd  desirable.  It  ia  possible  indeed  to  constmct  a  complex  fons 
in  the  way  mentioned  on  p.  406,  each  plane  being  laid  off  on  the  given  axes,  and  its  interaec- 
tjon-edges  with  adjoining  ploaes  determined  by  two  points,  always  in  the  nxial  sections,  which 
it  has  in  common  with  each.  In  this  way,  howeyer,  the  figure  will  soon  become  so  complel 
•B  to  be  extremely  perplexing,  and  thus  lead  to  error  and  conseqnent  loss  of  time- 

Thls  difBcolty  ia  in  part  avoided  bj  the  nse  of  one  projection  of  the  axes  on  a  larger  scale, 
upon  which  the  djreotious  of  the  intersection -lines  are  determined,  while  a  aeoond  smaller  oiM, 
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|il>oed  beldir  snd  puallel  to  It  on  the  same  sheet  of  paper,  is  need  for  the  sctunl  drawing  ol 
the  orysCaL  In  most  oases,  however,  the  orjital  maj  be  drawn  aa  oouTenientlr  without  tha 
nae  of  the  teoond  set  of  ftxes.  The  die  of  the  figuie  ma;  be  either  that  n-hioh  is  to  be  finall; 
required,  or,  mOEe  advantagcoiuly,  it  maybe  drawn  two  or  Uuee  times  lai^r  and  bbea  reiluoed 
hj  photi^^phy.  This  method  ia  especially  to  be  recommended  when  tha  figaree  are  finally 
to  be  edgiAved  on  wood,  since  from  the  enlatged  drawing  they  may  be  phott^raphed  diieciJy 
upon  the  wood  of  any  nquired  size,  and  thna  a  very  high  degree  of  accnraoy  attainod. 

AppUoaUon  of  Qatiutfdt't  PrqjeeHon, —  The  process  of  determining  tlie  direction  of  the 
intereentian-edges  ia  muoh  simplified  if  the  principles  of  Queustedt's  Prnjeotion  (p.  GO)  ure 
made  nae  of.  In  other  words,  the  symbol  of  every  plane  is  so  tranatormed  that  for  it  th? 
length  of  the  vertical  axis  is  unity.  Thi«  extremity  of  the  vertical  axis  is  then  one  point  of 
interuetion  for  all  planes  whatsoever,  and  the  second  point  wQl  always  lie  in  the  horizontul 
plane,  that  of  the  lateral  aies  The  change  in  the  symbol  requires  nothing  bnt  that  the 
symbol,  expressed  in  full,  shoold  be  divided  ^tbe  coefficient  cf  the  vertioal  axis.  Thedireo- 
taoQ  of  aaoh  tnterseotion-edge,  when  determined,  is  transferred  to  the  figore  in  process  of 
oonsbmction  by  means  of  a  small  triangle  sliding  againxt  a  mier  some  8  inches  in  length.  It 
wfll  be  found  in  practice  that,  especially  when  this  method  is  employed,  it  is  not  necessary 
to  aotnally  draw  all  the  lines  representing  each  plane,  but  to  note  aimply  the  required  points 
of  intecsection.  This  method  and  it«*  advantages  (nee  Klein,  Einleitnng  in  die  Krystallberech- 
Qung,  II,,  p.  8S7)  will  be  made  dear  by  an  example. 

it  is  leqaired  to  project  a  crystal  of  andalnsite  of  prismatic  habit,  showing  also  the  planes 
t-£,  M,  1>.  1,  2-i,  1-i,  and  0. 

It  i*  evident  that  an  indefinite  ntunbec  of  flgniea  may  be  made,  indndiog  the  plane*  men- 
tioned, and  yet  of  very  different  appearance  according  to  the  relative  die  of  each.  It  is 
nanally  desirable,  however,  to  represent  the  actosl  appearance  of  the  crystal  in  nature,  only  ' 
In  ideal  symmet^,  hence  it  is  very  important  in  all  cases  to  have  a  sketch  of  the  crystal  to 
be  represented,  showing  the  relative  development  of  the  different  planes.  If  this  sketch  is 
made  with  a  little  care,  so  oa  to  show  also  the  parallelism  of  the  intersection- edges  in  the 
oocnrring  lonee,  it  will  give  material  aid.  The  loaes,  it  is  to  be  noted,  are  a  great  help  in 
dntwiog  fignzea  of  crystals,  and  they  shonld  be  carefolly  studied,  since  the  common  direction 
of  the  intsneotion-edge  once  determined  foi  any  two  planes  in  it,  will  answer  for  all  others. 


ni«  first  step  Is  to  t^e  the  projection  of  the  iaometrio  axes  already  made  once  (or  nil  oa 
■  conveniently  large  scale,  and  which,  aa  before  naggested,  is  kept  on  a  card  of  large  siie, 

and  ready  to  be  pierced  through  on  to  the  paper  employed.  Therie  axes,  now  of  equal  length, 
mosb  be  adapted  to  the  speciej  in  bond.  For  ondalusite  the  axial  ratio  ia  r  :  A  :  i7  =  0'712  : 
1'014  :  1 ;  hence  tbe  vertical  axisc  most  have  a  length  -71  of  what  it  now  bos,  and  the  lateral 
axis  one  1  *01  ;  these  required  lenirths  are  determined  in  a  moment  with  a  scale  of  equal  porta 
The  next  step  ia  to  draw  the  predominating  form,  the  prism  1.  Obvionsly  ito  intersection- 
edges  are  parallel  tc  tbe  vertical  axis,  and  ita  basal  edges,  intersecting  0,  are  parallel  to  pt, 
(7  in  the  prelection  (f.  830).  The  places  t-i,  and  I'S  are  now  to  be  added,  whose  in  terseoUona 
wltb  each  other  and  with  /  ore  ponllel  to  c.  The  !>oeitioc  of  one  edge,  I/i-2,  having  bcM 
token,  that  of  the  other  on  the  other  aide  ia  determined  by  the  p<^t  where  a  line  pariiUei  t* 

n  .J  ii/j'- ■;■-  V-  it.n.is;i^- 
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the  axis  I  meeta  the  baatl  «dga  of  the  prinn.     BimiUily  the  pomtioD  of  tho  same  priamatia 
edgea  behind  are  given  by  the  mterseotion  ol  lines  from  front  to  roar  p&rollel  to  the  axis  d. 

Thn  priamn  drawn,  it  remaaDi  to  odd  the  terminal  planes,  and  n«  the^  tbuB  mraHfr  one  ao- 
tther'a  pofiitiOD.  thej  are  drawn  t^igether.  The  required  intersectinn-llnee  are  eneil  j  obtained. 
The  mncrodome  1  -I  is  the  plnne  passing  through  the  point  c  and  interaeccing  the  horirautal 
p'.anc  in  the  line  jmi/  ;  thia  line  ia  obvionaly  the  direction  of  its  interfection-edge  with  i-i  and 
with  0.  The  priam  i-i  appears  |f.  Wf})  as  the  two  lines  irnn',  nn' ;  the  line  mm  produced 
beyond  m  meets  p'lg  at  e,  thia  will  be  one  common  point  for  the  two  planea  1-i  and  i-2  ;  the 
second  common  poirt  la,  an  always,  the  point  e,  henca  the  line  joining  these  two  pointa.  trana- 
feired  to  the  crystal  in  the  way  desoribiid.  gives  the  required  in  terse  ctioo-edg«  for  i-i  and  1-*. 
Similarly  tor  i-i  on  the  right,  the  two  pointa  of  inteiEEction  are  e.  and  the  point  where  n'n 
and  gap,  produced,  meet,  and  this  gived  the  second  intersect! on-edg«.  The  planes  1-t  and  I 
(right)  meet  at  d  and  e  ;  hence  the  line  orf  gives  the  direction  of  their  in'  eraection-edgo,  whiol 
is  also  the  direction  of  that  of  I-i  and  1  (left),  and  of  1  and  2-S,  right  and  left  on  both  eidea. 
Btill  again,  the  plane  2-i  haa  the  full  symbol  3: :  A  :  3;,  or  t  :  !&  :  u  ;  and  heuoeinteraectatha 
horizontal  plane  [1.  820)  in  the  lines  as  (right),  at  (left),  and  ng,  a'p  (behind).  Hence  th« 
intersection -edge  of  J,  2-S,  1-i  has  the  direction  of  the  luie  joining  the  pointe  e  and  t  (right), 
knd  similarly  to  the  left  and  behind.  The  intersection. edge  of  2-2  franl;,  and  3-3  behind,  ha* 
the  direction  ol  the  line  joining  the  pointa  e  and  x  irigbl)  and  c  and  ,v  (left). 

The  method  of  obt4uniiig  the  intersection-edges  of  the  planes  will  be  clear  from  this  ex- 
ample.    Practical  facility  in  drawing  figiirea  by  this  or  any  othet 
ggl  method  is  only  to  be  obtained  by  practice- 

It  will  be  fouod  that  at  olmoet  every  Gtep  thent  ia  an  opportunity 
to  test  the  accuracy  of  the  work — thus  every  point  of  interaectioD 
on  the  basal  phine  behind  most  lie  on  a  line  drawn  from  the  cor- 
responding point  in  front  on  the  basal  plane,  in  the  direction  of  the 
aiis  li;  BO.  too,  the  point  of  intersection  of  S-3  and  J  (front).  3-2 
and  7  (behind),  on  One  aide,  must  be  in  the  line  of  the  boKiontal 
axis  (A)  with  that  on  the  other  aide,  and  similarly  in  other  oasea. 

If  it  were  required,  as  is  generally  neoesaarj,  to  complete  tha 
form  (f.  B3I)  below,  it  ia  unnecessary  to  obtain  any  new  inMrsae- 
tion  lines,  nince  every  line  above  haa  its  corresponding  line  oppo- 
site and  pRToUel  to  it  below.  Moreorer,  in  an  orthorbombic  crys- 
tal every  point  above  has  a  corresponding  point  below  on  a  line 
parallel  to  the  vertical  axis.  This,  as  above,  wUl  lerve  as  a  control 
of  the  accuracy  of  the  work. 

There  is  another  method  of  drawing  complex  ciystolline  forms 

which  has  many  advantages  and  is  sometimes  to  be  prefen^  to 

any  other;  it  can  be  explained  in  a  very  few  words.     After  thu 

•xaa  have  been  obtained  the  diametral  priam  is  conntrocted  upon  them.     Upon  the  solid 

angles  of  this  each  place  of  the  required  form  ia  laid  ofl,  the  edges  being  taken  instead  of  U^c 


sioa.  Suppose  that  f.  823  represents  the  diametral  prism  of  an  orthorhorabio  crystal.  Hen 
obviously  the  edge  4  =  2i,  l  =  2i,i  =  2l.  The  plane  I  (r  :  A  :  u)  may  be  laid  off  on  tt  by 
taking  bom  the  angle  a  equal  portions  of  the  edges  e,  i,  I,  for  instance,  oonveniently  ou 
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as  TBB  vRAvmo  or  fiqttkbs  or  obtstais.  ATX 

half  of  each,  Iieiio«  the  plane  appeMtumno.  Asain  the  plane  S  (2i  -.1 :  (I)isIalcl<rftbTUkliw 
tbe  unit  leagtiha  of  tbe  edges  i  [&),  and  I  (u)  and  twioe  the  unit  length  of  tf  (c),  the  plane  u 
then  nuib,  Agaa,  the  plane  4-S  {ii  :  i  :  21)  takes  the  position  npi,  sinoe  up  =  3^,  op  ■=  \l, 
and  an  =  J,  the  ratio  of  the  edges  (&iee)  being  the  some  as  in  tbe  symbol.  So  also  the  plane 
3-2  (2c  :  ai  :  <l)  haa  the  position  rmo,  since  ao  —  i,  am=:h,  and  or  =  1^,  here,  too,  the 
catio  of  the  axes  being  preseiTed.  By  plotting  the  enooesaiTe  planes  of  tbe  orystal  in  thii> 
waj,  each  solid  angle  corresponding  to  on  ootont.  the  direotLon  of  the  intersect  ion-edges 
for  the  given  f(>rm  are  at  once  obtained.  Forexample,  the  intenection-edge  fort,  ondtbebuol 
plans,  asaisofor  1  and  3,  it  is  the  Unefnii  ■  rorland4-£itiatha  dotted  line  joining  the  common 
points  n  and  a;  lor  I  and  2-1  it  is  the  line  rao\  tta  %  and  4-S,  also  for 3  and 3-2,  it  is  the  line 
joining  the  oommon  pointa  Pa. 

The  direction  of  tbe  required  iatenection-edgee  being  obtained  in  thia  wa;,  they  are  nsed 
to  oonatmot  the  oiystal  itself,  being  transferred  to  it  In  the  umial  way.  In  f.  83>!  they  have 
been  placed  upon  the  diametral  priam,  and  when  this  prooeM  has  been  completed  for  tha 
other  anglsa,  and,  too,  the  domes  9,  C,  aie  added,  the  form  in  £  834  reanlt^ 

On  thk  DBAwnia  or  Twm  Cbtstalb. 
In  order  to  projeot  a  oomponnd  or  twinned  erystal  it  is  generally  necessarr  to  obtain  first 
the  axes  of  the  second  individnal,  or  aemi- individual,  in  the  position  in  which  they  are  brought 
by  tbe  revolution  of  ISO".  Thia  is  accomplished  in  the  following  manner.  In  t.  825  a  oom- 
ponnd crystal  of  stanrolite  is  represented,  in  which  twinning  has  taken  place  (1)  on  an  aiia 
normal  to  |-I,  and  (3)  on  an  axis  normal  to  J-^.  The  second,  being  the.more  general  cose,  is 
of  the  greater  importance  for  the  aake  of  example.  In  i.  635,  ec',  bb',  aa'  represent  the  reot- 
■ngnlarazea of  8Unrolite(c  =  1-441,  £  =  3113,  u  =  1).    The  twinning-plane }-|  (}ii :  --£  :  jtl) 


j[ __. 


haa  tbe  position  HNB.     It  Is  first  neoeaary  to  coustracl  a  normal  from  the  oentxe  O  to  thla 

plane.  If  perpendiculars  be  drawn  from  the  centre  0  to  the  lines  MX,  NB,  MR,  they  will  meet 
them  at  tbe  points  x,  j/,  ;,  dividing  each  line  into  segments  proportional  to  the  sqaarea  of  Uia 
adjacent  axes  ;*  or  Nz  :  Mx  =  ON*  :  OM*.     In  this  way  the  points  z,  g,  s  are  fixed,  and  linei 

*  This  li  tme  since  the  axial  angles  are  right  angles.  In  tbe  Monodinic  System  two  of 
ihe  axial  interseijtians  are  perpendionlnr,  and  they  are  mfflcient  to  allow  of  the  determin*- 
UoD  of  the  point  T,  at  above.  In  the  Triclinia  System  the  method  needs  to  be  allghtl; 
Modified. 
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dmwa  bom  uijcirouf  them  to  Ui«  oppomte  usglea  &,  N,  orH  will  fix  the  point  T.  AllM 
joiuiDK  T  and  0  is  nonnol  to  the  plane  <MNB  =:  i-t).  FnrtherniaTe,  it  is  obTiooa  that  it  a 
revoludcoi  of  180'  sboat  TO  take  plaoe.  that  ereiy  point  in  the  plane  MNB  will  relnahi 
equally  dintant  from  T.  Thos,  the  point  M  will  taka  the  place  >i(MT  =  T^),  the  point  b'  the 
place  ff  (ST  —Iff),  and  bo  oa.  The  linea  joimng  these  points  fi.  ff,  x,  and  the  commgn 
^^  centre  O  will  be  the  new  axes  oorreEponding_  to  HO,  NO,  ItO.     Id  ordei 

^^  to  obtain  the  unit  aiea  corresponding  to  c,  A,  u  it  is  merelf  neceaaary  to 

draw  through  e  a  line  parallel  to  MT/i,  meeting;  ^O  at  y.  then  ')07'  is  the 
new  vertical  axis  corretponding  to  eOe',  also  BOB'  correBponds  to  bOb', 
and  aOa'  corresponds  to  aOn'.  These  three  ozea  then  are  the  axes  for 
the  second  indiTidual  in  iti  twinned  pwition;  npon  them,  in  the  ninal  way, 
lew  Sgnre  may  be  cooatructed  and  then  tnuuforred  to  ita  proper 
position  with  reference  to  the  normal  cryetoL 

For  the  second  method  of  twinning,  wben  the  axis  is  normal  to  f-E,  tbt 
conetruction  is  more  aimple.     It  is  obTioos  the  axis  is  the  line  Ox,  and 
'    using  this,  as  before,  the  new  axes  are  found ;  iiOit'  corresponds  to  eOe' 
(sensibl;  coinciding'  with  bb),  ainoe  0  a  |-1  =  134"  31',  and  so  on. 

In  many  caaes  the  simplest  method  is.  to  oonsCmct  first  the  normal 
orystal.  liien  draw  throngh  its  oeotre  the  twiiuiiQg^plAne  and  the  axis  ol 
rerolation,  and  determine  the  angular  points  of  Che  rerersed  crystal  in 
the  principle  allnded  to  above:  that  by  the  rerolntion  eTeiy  point 
remoms  at  the  same  distance  from  the  axis,  measojed  in  a  plane  tX  ligfat 
angle  to  the  axis. 

Thus  in  f.  837  when  the  scalenohedron  has  been  drawn,  dnoe  the  twinning-pUne  is  tbe 
'  buial  plane,  each  angular  point,  by  the  revolution  of  160°,  obtains  a  position  eqaidiatant  Inan 
tills  plane  and  direcUy  below  it.  In  this  way  sach  gngnlar  point  is  determined,  utd  Um  cos- 
pooad  oiTstal  is  oomidoted  in  ■  moment. 
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CATALOGUE  OP  AMERICAN  LOCALITIES  OF  MINERALS. 

The  following  catslo^e*  may  aid  the  Iuine^alogi(^a1  tourist  in  selecting  bis  routes  and 
awanging  the  plan  of  his  joumejs.  Only  licportant  locnlitieB,  which  have  afforded  cabinet 
specimens,  are  in  jteneral  included;  and  the  names  of  Ifum  mimrcUa  which  have  been 
obtained  in  good  ^tecijnent  are  dieliTtgniahed  hy  Holies,  the  addition  of  an  exclamation 
msrk  ^1),  or  of  two  (1!).  indicates  the  degree  of  excellence  of  the  specimens.  Many  of  the 
localities  mentiuned  have  been  exhausted,  others  wilt  now  yield  good  epecimens  ouly  when 
farther  explored  with  blasting,  etc.  In  general,  only  those  of  the  localities  mentioned  can 
be  relied  upon  as  likely  to  reward  theTisitor  liberally  where  active  work  is  being  continually 
Cftrriedon, 

HAINB. 

AiiBART. — Berj/lf  grten  andblatk  toarmdUnt,  f^d^ar,  rete  qvarta,  mtUe. 

AnooBTciOK. — Bed  hematite. 

AvBVRS.—Lepidolitt,  amMygontU  [hehronita),  g^-etn  tmtrmaiitu. 

Bath.  ^Vesuviamte,  garnet,  magnetite,  giaphitQ. 

BBTQEii.  —  Cinnamon  gnrnet.  calcite,  epfaene,  beryl,  pyroxene,  hornblende,  epidoto, 
graphite,  talc,  pyrite,  orsenopyrite,  magnetite,  wad. 

BiNOHAV. — Maatita  pyrite,  galenite,  blende,  andalnsite. 

Blub  Hill  Bat.— -lueniwu  iron,  molgbdenite  /  gaUniU,  apatiUf  flwmtal  blaok  toutma- 
lint)  (Long  Cove),  black  oxide  of  maagaoeee  ^Oegood'a  farm),  rhodonite,  bog  mongaueBe, 
wolframite, 

BowDora. — iSiw  gvarU. 

BowuoiNUAM. — lieryi,  molybdenite. 

Brvnbwick.  — (?re«nnuaa,  garnet/  blaek  tourmalinel  molyMenile,  epidote,  oakite,  mtu 
eoviU,  feidtpar,  beryl. 

BucKFlBLD. — Garnet  (estatea  of  Watermim  and  Lowe),  iron  ore,  vaueojiitr  !  fournujuM.' 
magDetit«. 

Caudaoe  Far»  —[Near  the  Ude  mllle),  molybdenite,  wolframitfl 

Camdkn. — Made,  galenite,  epidote,  black  tourmaline,  pyrite,  talOj  magnetdte. 

Caioiel  (Penobscot  Co.].  — Stibnite,  pyrite,  maole. 

CoKiSKK.— Pyrite,  areenopj/Tiie. 

Dkbr  I&I.E.— Serpentine,  verd-aniigae,  asbeetua.  diallage,  magnetite. 

DnsTBit. — Qalenite,  pyrite,  blende,  ohalcopyrite,  gieen  tala 

DiXFlBi.D. — Native  copperas,  graphite. 

East  Woodbtock. — UoEcovite, 

PAj(MiNaTOfl.—( Norton's  ledge),  pgrite,  graphite,  bog  ore,  garnet,  stanrolite. 

Frbefort. — Jiaae  guarte,  ga/riiel,  feldipor.  Kaapolite,  graphite,  mtueoviU. 

FRyiiBURa.^G'arnct,beryl. 

GEOitoKTOws.— [Porker's  island),  fttrji/  black  tourmaline. 

Orkenwood.— Q-raphite,  black  manganese,  beryl!  rmenopyiite,  casaiterite,  mica,  nm 
quarU,  garnet,  oomoduin,  albita,  dnion,  molybdenite,  magneUte,  copperas. 

*  The  catalogue  in  essentially  the  same  aa  that  pnblished  in  the  Oth  Edition  of  Dana's  Syi 
tern  of  Mineralogy.  I8C6,  The  names  of  a  considerable  nnmber  of  new  localities  have  been 
added,  however,  which  have  been  derived  from  various  printed  souroea,  and  alio  from  prlvats 
oontribntions  from  Prof.  0.  J.  Brash,  Mr.  Q,  W   Eawes,  Mr.  3,  WUloo^  and  oUmu. 

See  further  on  pp.  SOS  to  G08. 
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UsBBOs—C^HtittTUA,  usenopTTite,  tdocnae,  ItpidoliU.  mMggottiU  (htbrcn^t},  i 

IndicoUte,  green  taunnaUnt,  mica,  berj/l,  apatite,  Mite,  ehSdrewte,  eeokette. 

Jbwbll'b  IsijiBD.— Pyrite, 

Katahdin  IitoN  WOH K a.  —  Bog-icon  ors,  pjrite,  magnotite.  qiurti. 

Letteb  E,  Oxford  Co.— Staurolita,  mftcla,  ooppeia*. 

LmNAua. — Hematite,  limonite,  ptrrite,  bog'iron  ore. 

IiiTCDKiELD. — Urdalite,  eanenjutt.  daolite.  aram,  Bpodnmene,  muooorite,  pTiriiotita. 

LUBKC  Lkad  MnJGB,  -  Oaleniu,  ehakopi/rite,  Mnufa. 

MAuniASPORT.  — Jiupfr.  epidote,  laumontite. 

Madawasea  SifTTLKUBNTa. —  V*tiaiiit«. 

VLiHot.— Beryl  tinokg  guarU. 

Monmouth. — AoUnolite,  apatite,  AroliU,  tiram,  stanrolite,  plnmoBe  mica,  bei?!,  mtile. 

Ht.  Abrahau. — Aiuiiihuite,  sCaurolite. 

NOHWAV.  —  CArpioberyl  /  molybdenite,  bmyl,  rc*e  gvarti,  orthociau,  oinnairuui  gamob 

Obk'b  Island, — Steatite,  gamet  aodoluaite. 

OzPOHD. — Garnet,  bei-yl,  apatite,  wad,  lircon,  muiemite,  orOioeiate, 

Pakib. — Qnen!  red/  blade,  aJulbtue  tuuriiudiiit I  mieal  iepidelUe/  feldspar,  albite,  qvarlt 
try*taU/  tom  quartz,  aatiitente,  amUsgonite,  lircoii,  brooklte,  beiyl,  amolcy  qnarti,  Bpodo- 
mene,  cookcite,  leuoopvtite. 

PABSONSKiiiLD. —  VemitianUt  I  j/eUow  garnet,  par gatite,  advlaria,  teapolite,  galenite,  blende, 
cbaloopyiite. 

Pbro— C'jfj 

PHIP1'SBI'R( 
Utef  chabasite,  on  ore  of  u 

Poland.  —VesuTianite,  amoky  qaortx,  cinnamon  garnet. 

PoBTLAKD,— P;'6A;ti(e,  actinolit*,  gurnet,  epidote,  amethyst,  calciW. 

Pow}iAT,.—Diack  tovrmaltne,  fddtpar,  Bcapolite.  pyiite,  actinolite,  apatite,  roae  qiuita. 

RaIhono. — Magnetite,  teopolUe,  pj/roxene,  lopuUitite,  treT/ioUte,  liomblendo,  epidote,  csltiS- 
oImb,  yellow  garnet,  pjrite,  TeBuvianite. 

BoCKLAND. — Hematite,  tiemolite,  funrtz,  wad,  fale, 

Ruttroiw.  —  FeUoin  garnet,  vBMutianite,  pyreaene,  apatite,  scapolite,  graphite. 

Bdtlahd. — AJlanito. 

Sandt  ElVER. — AnrifecouB  sand. 

SAiiPOB.D,Yor)L  Co.^yetumanile /  albite,  oaloite,  tnolybdemte.  epidote,  black  tonmiBliiM, 
Ubradotite, 

SSARauoNT. — Andalutite,  tonimatine. 

SoDTH  liERmcK. — Uacle. 

Bt  AN  Dial  I. — Oula  mbUe  I 

Btkkaked  MiicNTAtN. — Bsryl!  bfnek  brarmaUne,  mwfl,  garnet. 

TaouAtrtON.—CiUcite,  tremoUtt,  horjiblaide.  ipheae,  araenioal  iron  (OiTi'a  head),  blaiL 
inanganese  (DoiIge'E  mountaio),  thomsoaile,  talo,  blende,  pyiite,  galenite. 

ToPSQAM.  —  Qwtrt2,  galenite,  blende,  timgatite  I  be>7l,  apatite,  molybdenite,  colmnbite. 

Union.  —  Magnetite,  bog-iron  ore. 

Walks.— Aiinite  in  boulder,  alnm,  eoppera*. 

Watbkvillb — CTystaUUed  py  rite. 

WiNDOAU  (near  me  bridge).— Sfaun>U«,  ipodumeTtt,  gtmut,  baiyl,  imeUiTSt,  ^/atuU, 
tonrmaliue.  ' 

Winslo  w.  ^Cassiteiite. 

VrsTiiaoP.^autai'oiite,  pyrite,  hornblende,  garnet,  copperas 

Woodstock. — Orapliite,  hematite,  prehnite,  epidote,  oaldte. 

TOSK. — Beryl,  virianite,,  ozide  o(  mangaue^ 

NEW  HAUPSHIBB. 
AcvoBTiL—Bei-yl//  mioa/  tourmaUne,feldipar,aliit«,  rote  ^ortM,  tokmbiU  t  ejtalU^ 


Albiead. — Mieat  /  albitt,  btaek  tourmaline,  molybdenite,  endalnaite,  atanrolita. 
AunSRBT. —  Veaaeianite,  y^low  garnet,  pai:gaaite,  calotte,  amethyat,  magnetite, 
BabtLbtt. — Magnetite,  hematite,  brown  iron  ore  in  large  Teina  near  Jackson  ((m  " 
boe  mountain  ") ,  guartz  eryatali,  iiaoky  qwirlt. 
Bath. — Galenite,  chalcopjrite. 

Bbdvobd. — Tramtdite,  epidote,  graphite,  mion,  toormaline,  alom,  qoartL 
Bbllows  Falls.— Cjanite,  atnaraliie,  wavellitA. 
Bbutou — QrafhUe. 
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0  AKPToir.— Bsryf  / 

Oadaak. — Ocdd  in  pyritw,  garnet. 

Charlebton. — StawriMe  made,  rmdtUMite  mnel*.  bog-iron  ore,  prelmitfl,  CTUilte. 

Corn  ISO.  ^^tibnite,  totraliodritfl,  rutilt  in  quartz  I  {rnre).  ttaarviitA 

Crotdrn. — loUte!  choloopjrite,  pyrite,  pjrrhotite,  blimda, 

Ekfield.  — Qold.  guleoite,  ataurolite.  greea  quarts. 

FRAHrsiiTOK. — SMiptlane,  arsanopyrite,  quartz  oryatftls. 

Fhanco.nia. — Horr^lende,  ttauroliu!  epuiott.'  tomU.  Inmatite.  inagaetiU,  bSaek  and  ni 
mangnn^auin  gni-Tittt,  aiBsuopjHte  {danaite),  obalcapyrite,  molybdenite,  prebniCa,  giecui 
quartz,  malocbite,  oitirite. 

GiLPORD  (GanEtock  Ht.). — UognetiaitOD  ore,  natiTe  "  loadBtone." 

GOHIIKN.  —  Orapldle,  Maok  tonim&liae. 

OiiiUAJtTOWH.  —  Tremolite,  epidote,  mnacoTite,  tonnnaliae,  limonite,  red  and  yellow 
qxtarti  orystala. 

Qraftos.  ^ifiea  /  (eitonaiTely  quarried  at  Glasa  Hill,  2  m.  8.  of  Orange  Summit),  nIMto' 
blue,  green,  and  yellow  ba-yltl  (j  m.  8.  of  0.  Summit),  tourmi^ne,  gariuU,  tr'^iyiUt,  >[»• 
nte,  QnoiAte. 

Orantbam.—  Orag  HauraliU  ! 

Groton. — ArBOnopyrite,  blue  berylj  mnsoovite  cryBtais. 

Uanovk.r. — OaTTut-i  a  boulder  of  quirtz  containing  ruJ«{( /  lAaek  tourmaline,  quart*,  qfo- 
aita,  Uihrndorita,  epidote. 

Havebii[li.. — Oamet!  ar»enopj/rit«,  luitio*  arttitie,  golenite,  blende,  pyrite,  chaloopy- 
rite,  magnetite,  morcaBite,  steatite. 

HlLLKBuKO'  (Campbell's  monntftin).^Ora;)Atto. 

BiNBDALE.— AAodontfe,  black  oxide  of  manganese,  molybdenite,  indicoUte,  blaok  toni- 
maline. 

Jackson.— Dm^  qnartz.  tin  ore,  arim/?pffrii^,  natire  arsenio,  flnorite,  apatite,  maffnettU, 
meiffbtUnite,  wolframite,  ohtUoopyrite,  aisenato  of  iron. 

Jafpbbv  (Monadnook  ML). — Cynnite,  limonite. 

EbeKB.  —  (Jritp/iits.  Boapatone,  milky  quartz,  rose  qnortl. 

LiNDAFP. — Moiybdaiute,  lead  and  iron  ores. 

Lkdancin. — Bog-iron  are,  arsenopyrite,  galenite,  magnetite,  pyrite. 

LiRBON. — Staurolite,  blaok  and  red  garnets,  grnnuUirtnagntCite,  hornlAende,  tpiiiott,  tokUe^ 
hematite,  arsenopyrite,  galenite,  gold,  ankerite. 

Lrrr L ETON.— Auk erite,  gold,  bomite,  chaloopyrite,  moloohite.  menaocanite,  chlorite. 

Ltmah. — Qold,  araenopyrite,  ankerite,  dolomite,  galenite,  pyrite,  copper.  pyrrliotil«. 

Ltub.— 6'ffiiniftf  (N.  W.  part),  Naob  toitrmaiint,  mtile,  pyrite,  chaloopyrite  (E.  of  E.  Til- 
lage), »lOinit«.  molybdenite,  cassiterite. 

Madiso». — Oaienite,  fifenrfa,  chaloopyrite,  limonite. 

Urbriuack. — ButUt/  (iu  gneisB  nodules  in  gianite  vein). 

MiDDLBTOWM.  —RatUe. 

Vas/LDSOQS.  Hon»TAiN. — Andalosito,  boinhlende,  garnet,  graphite,   tenrmaline,  orttio- 

Hooan^tUBR  Mt. — TaurmnUne. 

MoaLTOKBOiioroH  (Bed  Hill).— ^M-n^ndo,  bog  ore,  pyrite,  tenrmalina. 

ITgwiboton. — Garnet,  tourmaline. 

New  London,— Beryl,  molybdenite.  mneooriW  oryetale. 

N  K  WPORT.  — Moly  bdonite. 

Ohanok  — Blue  beiylnl  Orange  Summit,  chrysoberyl,  mica  (W.  aide  of  mountain),  apatite, 
galenite,  limonite. 

Orkors.  —Brtnen  tourrruiliru  (now  obtained  with  difflcnlly),  iteatite,  rtitile,  cyanite,  browa 
iron  ore.  native  copper,  malachite,  galenite,  garnet,  graphite,  molybdenite,  pynhotite,  mela- 
oooite,  chalcooite,  riptdeUt*. 

Peloak  .  — btai  tite. 

PiKBUOKT.—Mieaetma  iron,  barite,  green,  white,  and  brown  mloa,  apatite,  titanic  izoo. 

PLTMorTS.- Columbite,  beryl. 

BiCHMOND.— /oUf^/  rutile,  steatite,  pyrite,  antbophyUita,  tola 

Byk.— Chiastelite. 

8ADDr.EBAi:K  Ht. — Black  tourmaline,  gnTnet,  spinel. 

SuKLBTTHNE. — Oolenitt,  black  Uendf,  c.'iiileopyrile,  pyrite.  pjmtatite. 

SFsnioi'iKLP.- Beryls  (very  la^re,  eight  inches  diameter],  manganuian  gamtUi  WoA 
Wunaaiine/  in  mica  slate,  albUe,  mioa, 

8«Li,iTAN.  —  Toaj-maiina  (bla^),  in  qaaiti,  beryL 

BURnBV. — AmetbyBt,  o^cite,  galenite,  limonite,  tourmalins. 

SWANIEV  (aear  Keane). — Magmtiairon  (in  toasM*  in  granite). 
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Tax  WORTH  (neu  Wliite  Pond).— Oalenite. 

Vkitt  (estate  of  J&mea  VBai).—Chpptr  and  iron  pj/ritti.  ehlorofhgOitt,  grttn  mlo»,  rm^ 
ttled  actinelite,  garoet,  titanifermit  iron  ore,  magn^tU,  tonrnulIiiaL 

WALPni.E  (near  Bellovs  Falls).— Haole,  staurolite,  mio,  grsfihita. 

Wake  . — Gnphite. 

^ Aninv.s.—Cludespyritt,  bitndi,  epidot«,  qoaitE,  t9>'^f't  tr«matiU,  gaimite,  ruMs,  laJg^ 
molybdenite.  Unnawon  HoTit  I  pj/roxe7ie,  hombtende,  beryt,  ajamte,  tonimaliiie  (maaalTs). 

Watebvillb.— Labradorite,  chrjaolitA. 

WEaTUOBEi.AKD(BOutbpart).~Xofj/£(ienf(0.'iipaf(f«/  blue  feldipar,  bog  manjfantu  {norOt 
nllage),  quartz,  fiwrriU,  oholooppitB,  oiide  of  moljbdenuia  and  nraninm. 

Whitk  Mt8.  (Notch  near  tte  "Crawford  Hoiue"). — Qreen  octahedral  flnoriM,  qnazto 
or^iiAla,  block  toaruudino,  ohiaatolite,  beijl,  oalcite,  amethjat,  amaioaitoiM. 

WihUOT.—Berpl 

WracHEBTBB. — FjTolaaite,  ihodochnwita,  peilomeliuie,  magnetiCe,  graniUar  qoAitB,  ipoda- 

VERMOirr. 

Addison. — Iron  tand,  pTrite. 

Al.BtrRaB.—Qnait*  orystala  on  oaldto,  pjrite. 

Atrbhs. — SleatiU,  rfLomb  ipar,  actinciite,  garnet. 

Baltimobe.— i^rjwiei'n*,  figrittl 

B  ABMET . —Graphite. 

BBl/TroZBE.— Steatite,  ehlorita. 

BEMHiHGTOif.  — f^^roiiwfl*,  brown  iron  ore,  pipe  oUy,  yellow  oohra. 

BBRRauiBB, — S^ndoU,  hematite,  mug^netite. 

Bkthsl.^ Aelinclite/  talc,  chlorite,  octahedral  iion,  nttSt,  brotm  tpar  in  tteatit*. 

BBAHDON.—Brannite,  pyToladte,  ptHomalant,  limonite,  lignite,  white  clay,  timb-ttj 
marble  j  fowil  fmita  in  the  ligfoite,  graphite,  ohaloopyrite. 

Brattleborouqb. — Black  toarmaluie  in  quartz,  mica,  aoiaite,  mtile,  actinolite,  anpolita, 
qiodnmsne,  rooSng  alate. 

Bkidobwatbb Tola,  dolomita,  magnetite,  steatite,  ehlorita,  gold,  native  oopper,  blends, 

galpnite.  blue  spinel,  ohaloopyrite. 

BsiBToL. — SutQe,  limonite,  maitganeBe  orea,  magnetite. 

Bbookfield. — Araenopyxite.  f^ril4. 

Cabot. — Qamet,  staainlite,  hornblende,  oiNie, 

OaSTLBTOK.  — Sooflng  l/ate.  jasper,  manganese  oiea,  chlorite. 

OAVEnDIsa.-~Qaniet,  terpeniine,  taio,  tteatite,  tcurmaUrui,  aibett'UM,  tMinoIiU. 

Ghkbtbr — Atbeitui,  feldspar,  chlorite,  qaarti. 

OavnsnoES . — Fsilomalane,  pyroliuite,  brown  iron  ore,  Hanatiit  and  magrtetUe,  galndta, 
Idite. 

OOLCBEBTKR. — Brown  iron  ore,  iron  sand,  jasper,  alBm. 

OoBraTB.— Chalcopyrite  (has  been  miced),  pyrrhodte,  pyrite,  nitile,  qnattfc 

OoTENTR  Y.  ^Rh  od  onite. 

ORAFTBBtiBT. — Hloa  in  conoentrio  balls,  caloite,  ratlle. 

Dbbbt. — Mica  {lidamtite). 

DUKUBRSTON.— Rntile,  roofing  slate. 

Paib  IIaVen.  —Sooflng  tiate,  pyrite. 

Flbtchbb.— Pyrite,  magnetite,  adcnlai  tonrmaline. 

ORAPTDN.^The  tteatite  quany  referred  to  Qrafton  ia  properly  in  Athena ;  gnarU,  wgti- 
koUta. 

Odilford. — Scapolite,  mtile,  roofing  slate. 

Hartford. — Calcite,  pyritt!  ryaniU  in  mica  elate,  qnartz,  tourmaline. 

IRABBUROH. — Bhodontte,  jieilomeiane. 

Jay.  — Chromie  iron,  terpentine,  amianthns,  dolomite. 

LowBi.L. — Picrofmine,  amianthus,  Rcrpentine,  cerolite,  talo,  chlorite. 

UarlboroV — Rhomb  tpar,  tteatite,  garnet,  magnclUe,  chlorite. 

Hrndon, — Haguetic  Iron  ore. 

HlDDLBBURY.  ^Ziroon. 

HiEDLEBBX.— Batile  I  (exhaosted). 

KoTiKTos. —Pgrolujiite,  brown  iron  ore,  pipe  olay,  feldspar. 

MoRb'TOWN. — 8iruiky  quarU!  tteatite,  talc,  wad,  mtile,  serpentiiM. 

MoBRisTowN.—Oalenite. 

UouNT  HoLLT.— J«Am1u*,  ohlorita. 

New  Fake. — Olaug  and  a»bettiform  aetinbtUt,  tttatite,  grtmt  fuarit  (oallad  duyw^vui 
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«t  the  locMlit;),  dkalMioDj,  irawj  qnarti,  garnet,  ehrotnie  and  Utanic  iron,  r^tmb  4MP, 
Mipeatina,  tatila. 

Norwich. —  AsttTuKta.  ftidipa/r,  frrvwi  ipar  In  fatlo,  cTanito,  loliite,  oholoopTiite,  priiU. 

PlTTflFOllD.  —Btvan  iron  ore,  manganese  oraa. 

FLn(o[iTn..-'8idBrite,  magDetito,  bematite,  gold,  galenlte. 

Pl.TllFTON.  — HoMive  hornblende. 

POTNBY. — Fluorito,  brouin  iron  ore,  ruUU,  and  coftite,  in  bonlden,  itsmolit*. 

KEAsmo. — Glistfi  aeUnalite  in  lalo. 

Keadbbobo'. — Uiang  aetinaliU,  tteatiU,  hematite. 

RiPTON. — Broitn  iron  ere,  aagite  in  bonlden,  octahedral  p;rtte. 

BoCUBBTKB. — Itntile,  hematite  cryat..  mngnetitt  in  chlorite  alaCe. 

BocEiKoaAM  [B«lIowB  Falla). — Cjanite,  iodicolits,  feldspai,  tourmaline,  flaorite,  (MOim, 
jmhnite,  Btaniolite. 

BoXBUnr DolomiU,  tale,  serpentine,  aahestus,  qaart& 

VinTi.UID.—Magnmta,  mAOe  marble,  hemtitite,  Mrpentlne,  p^  ol^r. 

8AI.IB1I17RT.— Brown  iron  ore. 

8HAB0K. — QuarU  eryHaie,  ojanita. 

Beoheilui. — Pgrile,  black  marble.  oiJofte. 

Bbrxwsbdbt.— Magnetite  and  chalcopjrita. 

St AKK9BORO'. —Brown  iron  Ore. 

Stirlino. — Chalcopjrite,  talc,  aerpontino. 

STOCKBRtDOB  —ArHenopfrite,  magnetite. 

STRArroRP. — Hognetite  and  ehakepyriU  (has  been  worked),  native  oopper,  bomblsmb), 
oopperas. 

TlIBTi<«RD.— Blende,  gnienite,  ej/aiuU,  ohrTKilite  In  basalt,  pyrrhotJte,  fOdtpar,  roojbtg 
^ate,  iteatite,  garnet. 

TowNBHEND. — Attinolite,  black  mioa,  tak,  steatite,  feldspar. 

Trot. — MagTietite,  talo,  aerpeutine,  picroamine.  amianthns,  tteatiU,  one  mila  sontheaat  of 
village  of  Hoatb  Ttaj,  on  the  tarm  of  Mr.  Fierce,  eaat  aide  of  Histdaoo.  cbroinite,  Mratitn. 

TBRflHiRB. — Pyrite,  chalcopyrite.  tonimaline,  aiBenopyrite,  qnarti. 

WAItDfiBOUo'. — Zeitite,  tonrmaline,  tremoiite,  hematite. 

Wabrer. — AoUnolite,  magnetite,  wad,  serpentine. 

Watbrburt.  — ArsenopTTito,  chaloopyrite,  rufile,  guarU,  aerpeintine. 

Water vti.LE.—SfAiIi(«,  actinoUte,  tAlo. 

WSATHBR^iBi:D.  —Hitalita,  hematiM,  jiyrile,  tremolite. 

Wells'  River. —Oiapbite. 

WEBmKLn. — SUatilt.  chiomite,  aeipentine. 

WEBTurasTER. — Zoisite  in  boulders. 

WiNDBAU. — Qlaug  lutinoiite,  OeatiU,  garTtet,  lerpentiDe, 

WoODBUBY— Mnaaive  pyrite. 

Woodstock.  —Quarb  eryiiaU,  garnet,  aoiEdte. 

HASSACHUSETTS. 

ALroBC.— Galenite,  pyiite. 

Atiioi^ — AUanite,  flbrolite  (F),  epidote/  bahlngtonlta  f 

ADBURN. — Afammite. 

Barrb. — ButSe  I  m»M,  ptrite,  bersl,  /eldipar,  gamtt. 

QBE  AT  BARMmOTon.—l^eniolite. 

BEcyoRD.— Oamet. 

Bei,chebton. — AUanite. 

BKRNABDn'OH.  —Magnetite . 

Bbverlt. — Colnmbite,  green  fddtpar,  ca^terlto. 

Blartobd. — Serpentine,  rmthop^/Uite,  aetinoUte/  ehromite,  ajiaite,  rose  qnarti  !■ 
bonldera. 

BoLTOIT. — ScapotUe!  petaUte,  sphene,  pyroxene,  nuUalite,  diop^idt,  bcttanUe,  apatite,  may- 
oesitfl.  rhomb  apar,  ai/ani^,  y((r0eer<t«/  oerjnmoobmT  (on  the  Bopolite),  spiuol. 

BoxBOBOUon. — SaipoUte,  ipinel,  garnet,  angite,  aotlnolite,  apatit«. 

Bbio  Otoh. — Aabestoa. 

Brtmfield  (road  leading  to  Warren). — lalUe,  adnlaiJK,  molybdenite,  mioa,  garnet 

Cablisle. — TWrtnaUm,  ganiet  /  leapaUte,  aotinDlite. 

Coablbstowh.  ~PreAmte,  laamontUe,  atilbite,  ohabaiite,  qnarti  aiyMtala,  melanoUte, 

OBELUBroRD, — Seapoiite    (ehelmafoidlte),    o/umdrodite,    Uat   ^inel,    aminnihu*/    watt 
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Cbektbb. — Bomilmdt,  teapBlil*,  toiHtt,  gpoAcmait,  indieoUtt,  Kpatit^  magnetite,  An- 
Btite,  stilblte,  henlosdite,  analdt?  and  obabaiite.  At  the  Emei?  Mine,  Chester  Fkotoriea.— 
Oerundum,  margarite,  diatipoT6,  epidote.  oonindophllite,  cbloritoid,  toarmaline,  Jnanaoc*!^' 

tit/  mtile,  biotit«,  indiiLniteT  andeaite  T  egimite,  ameaite. 

CnESTRRfiBi.D. — JUut,  green,  and  red  tourmaline,  deavAmdUe  (albit«),  lepidotito,  tma^ 
gvartt,  mierolile,  tpodumene,  ej/anite,  apatite,  rote  beryl,  garnet,  qtuiTla  eryilaU,  ttnumlitA. 
catdterite,  cotumbile,  loUite,  Dranitii,  biookite  (enmuiite),  scheelite,  anthophjllitfl,  boiuitol 

CONWAT.  — Pyrolniiite,  fluorite,  zouiite,  mtile  !  !  natire  alnm,  galenite. 

Odhhinqton. — Wiodonite  I  cnmmmgtoiiit«  (hornblende),  maroaiiite,  garnet. 

DsDnAU AsbegtnB,  gnlenito. 

DSERrrBf.D. — Chabkiite,  henlaodite,  stilbite,  omethyat,  oarnelun,  ahalcednnj,  agatA 

FiTcnBUBQ  (Peul  Hill). — Berf/l.  ttaamiite!  garnets,  molybdeiute. 

FoxBOBODGn. — fyrite,  anthrneite. 

FR  AN  KLIN.  — Am  ethTHt. 

QosnKH.— Jfi'ivi,  albtie,  tpodvmene  I  blue  atui  green  tourmaline,  beryl,  toitilt,  Emokj  quzt^ 
eolnmbite,  tin  oie.  galenite,  beryl  (goihenite),  piblit«  (<7matolite>. 

Grerxfikld  (in  sandftcme  qostij,  half  mile  entt  ol  Ttlkge). — Allophane,  white  aad 
greenish. 

Hatfkld.— Barite,  yellov  qnarts  ciTStols,  galenite,  blende,  oh&IoopyriteL 

Hawlbt. — i[icaeeo}i»  mw»,  massive  pyrite,  n    ~  "*"  — '-"- 

Eeatii. — Pyrite.  louiU. 

Hinsdale.  ~ Brown  iron  ore,  apatite,  xoialta. 

HUBBARDBTON. — Miiiuite  pprite. 

LANCABTBiL^Cynniff,  ehiaelolite/  apatite,  staorolite,  pinite,  n 

VKm.  —  TTematite /  tphene/  (east part). 

Lsnox. — Brown  hematite,  g7bbBite(F) 

Lrverrtt.— Barite,  galenite,  blende,  cbslcopyrite. 

Lktdkk.— J5)ui(«,  ruMe. 

LkTTJ.EFlEl.D.— Spinel,  BcapoUt«,  apatite. 

Lynnfiei.d. — HugneBite  on  serpentine. 

Uartha'b  ViNF.TABD.^Brown  iron  ore,  amber,  selenite,  radiated  pyrlto. 

Mbkdon.^JTiivi/  chlorite. 

Hiudlevibld. —  Olatty  aettnctite,  rlutmh  tpar,  tteatite,  lerpaiUine,  /eldtpar,  dnuj  qualti^ 
i^tlte,  zoiaite,  nsciite,  dialcedony,  tale/  deweylit«. 

MiLBCRY.—  YrrviiciiUte. 

MoNTAQOB.— Hematite. 

ICbwdurt. — Serpentine,  ohryiotile,  ejiidote,  mamtie  garnet,  ndedte. 

NEWBCitTPOKT. — Serpentine,  nemalite,  nranite. — Argentiferoiu  gfaleoite,  tetrahednta, 
<d)alcopyrite,  pyrargyrite,  etc 

Nkw  Braintree. — l^ek  UnnrmaUnt. 

Tfoiiyricn.— Apatite/  Maek  lourmaitTte,  beryl,  ipoduvume/  tr^phgUU  (altered),  faloda, 
qnarti  orystals,  oassiCerite 

}XoitTariKi,o,-^Col>imbite,  flbrolite.  fyanitfl. 

Paluer  (Three  RiyeTa).~Fridtpar,  prehnite,  oalc  spai. 

PELHAU.—JtAaf'jf,  serpentine,  gunrti  erj/glale,  beryl,  raol]/bdenite,  grten/unntlim^eiaiote, 
wnethiat,  oomndam,  venniunlile  (pelhamite). 

Pi,AniriKi.D.~Cvmmingtonile,,pyrUatUe,  rhodonite. 

BiCDMOND.— .^nmn  irtmore,  gtibdte/  aUopRane. 

BoCBPoitT. — DanaUtt,  eryophyllite,  annite,  eyrtoUle  'altered  riroon),  grten  and  vHiit*  ortto- 
tiaee. 

BOWB.— Epidote,  tale. 

Sonru  RoiALBTos. — Beryl//  (now  obt4uned  with  great  dlffionlty),  mica  1 1  feld^patl 
aUanito.     Four  toiles  beyond  old  loc.,  on  (arm  of  Solomon  Heywood,  mica/  f  irrjrl  'jilifijiw  f 


Bdbskl  — Schiller  spar  (dialla{re  T),  ffiiet,  serpentine,  beryl,  galenlte,  ohalooj^rite. 

Saleh. — Id  a  bonldcr,  caDorinite,  sodolite,  elmolite. 

8AUOU& — Porphyry,  jasper. 

Bqefpikld. — Atbeettt*,  pyrite,  native  alum,  pyrolnsite,  mtilo. 

eHBI.BURNK.  — Hntile . 

fimiTBBDURr  (east  of  Locke's  Vtmd.).—if<iybdenite. 

SOTlTnA UPTON. — Qalenili.  oemssite,  ai^leaite,  vuffenite,  flnorite,  barit«,  PTtlte,  d 
rite,  blende,  comeooB  lead,  pyromorphite,  stoliite,  ohtTsoooUa. 

Stsslino. — Spodumen*,  MJaitdite,  udsrite,  anenopytite,  biende,  galsolte,  ehdoopTitta 
IfiUe,  starlinffite  (damonzite). 

-iftipMU. 
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firUBHanKIE.—  GrajihiU,  garnet,  apatite,  bey  om, 

BWAMrecoT.—OrMte,  feldspar. 

Tauhtok  (one  milB  nonth),— Parncolnmblta  {Utanio  lnm\. 

Tcrnsr'b  Fali.b  (Conn.  River).— Cha]cop;rite,  pretmite,  oblcnita,  MoroiMU,  ddente 
nulacbite,  mogDetio  iron  sand,  anthracite. 

Ttrinq  QAM. —Pyroxene,  scapolite. 

UXBR IDGE. — Qolenite. 

Warwick. — Mattivc  garnet,  radiated  black  tourmalina,  maffnetiU,  beiyl,  epidote. 

Wa  bh  I  noton  . —  Qraphits. 

WKaTriF.i,D, — Seh^ler  ipar  (diaUage).  itrpenttM,  tteatite,  c7Biiite,  scapolite,  ootinoUte. 

yieserfoKD.—Andidueite  I 

Vest  HA*moN.— Qalenite,  aTgaitine,  pisudomorpJitnu  guarti. 

West  SPRiNoriEi.D. — Pre/iniU.  aokerite,  satin  Bpai,  oelestite,  bitmninona  coaL 

WB8T  STOCKBurDOE  — Hematite,  fibrous  pyiolnoits,  Btderite. 

WnATBLT. — Native  copper,  gaienite. 

WiLLiAUBBURO.  —ZoitUt,  pMudomorpbOQsquarti,  apatite,  toae  and  anuij  qoarti,  galesite 
pjTolaBite,  chalcopynte. 

WiLLlAMBTOWN,  —  Oryet.  ywartt 

Windsor. — Zoiiile,  actiiiolitej  rutSe! 

WoRCEBTGB. — AisenopTiite,  idocraaa,  pTToxene,  Kornet,  amlanthtu,  bnolioMte,  mderite, 
galenite. 

WoBTHiNOTOH. — CyaniU, 

ZOAK.— Bitter  apor,  taic 

RHODE  ISLAND. 

Bribtol.  — Ame&ytt, 

GovEiTTiiT. — Uica,  tonimaline. 

Crarvton.  — Actinolite  in  tale,  graplilte,  ojanite,  mloa,  meListarita,  bog  iron. 

CoHBERLAND, — MangitneM,  epidote,  aetiaclite,  garnet,  titoniferona  iron,  magnetite,  red 
hematite,  cbaloopyiite,  bomito,  malachite,  azuiite,  oalcite,  apatite,  feldspar,  loisitie,  mioa, 
qnart^  cijntikLi,  ilTaita. 

Diamond  Hiii..— Qaarti  cryatale,  hematite. 

FoPTBR. — Oganite,  hematite. 

GLODCEaTEH. — Magnetite  in  chlorite  slate,  feldspar. 

JoiiKsTOM.^Talc,  brown  spar,  caloite,  garnet,  epidote,  pyrlta,  hematite,  magnetite,  dial- 
eopyrite,  malachite,  aiurite. 

LisiB  Rook. — Colcite  orystala,  qnarti  pyritth 

LracoLN.— Caloite  dolomite. 

Natic. — See  Warwick. 

IfEWFORT. — Serpentine,  qnarti  crygtals. 

PoBTSMonra. — Anthiiieite,  graphit*,  aabeatiia,  pyrite,  ohaloopTrtte. 

SiurnriBLD. — Dolomite,  eaieite,  bitter  ipar,  aideriU,  naorite,  aerpentine  (bowentte),  tremn- 
Ute,  aabestua,  qnarts,  magnetio  iron  in  chlorite  Blat«,  tala/  ootohedxite,  feldspar,  beryl. 

YaMiEY  Falls.— Graphite,  pyrite,  hematite. 

Warwick  (Natlc  Tillage),— ifawnit«,  garnet,  graphite^  bog  iron  orai 

WkneRIiT  . — Menaooanite  ■ 

WooNBOCKET.  — Oyanito. 

OONNBOnOUT. 

Berlik. — Barite,  datollte,  blende,  qnarti  crystaU. 
BoLTOK. — Staarolite,  ohaloopyrite. 
BRADLEmi.LE  (Litchfield).— Lanmontite. 

BacBTOL.— (Ziniwnt*.'  ohaleopyrite,  barite,  bomite,  talo,  oBi^ihaM,  pyiomorphite,  mMM, 
malaohite,  golenite.  qnorti. 
Brookfieui.— Qalenite,  calamine,  blende,  spodnmene,  pyrrhotlte. 
CiiS\AS.—Trnnf^H»  and  white  avgit-el  in  dolomite,  oanaanite  (masdve  pyroxene). 
Chathax. — Ajsenopyrite,  amaltite,  chloanthite  (diathamite),  aoorodite,  niooolite,  b«f^, 

CJBsniHK.— Bortfa,  ehaieoeite,  bomite  crpeU,  mala«&itt,  kMlIn,  naotlite,  preluiit*,  date 
aite.  datolite. 
CBX8TBR._£UIti)Mnt<«/  airean,  epidota. 
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OoBtiWALL.  —  (TropUb,  pstweent,  actirxMe,  tphene,  aokpoUte. 

DAKBtjST.^ Amounts,  cligodaie,  meonttont,  brown  loozniBUne,   orthodaae,   pygOMm 

paratboiite. 

Fasuington. — Prtlmitt,  ehe^ntite,  igate,  natlTe  ooppei ;  intnp,  diabatitiU. 

Ghanbt.— Green  malachite. 

Gbbehwick. — ^aek  tmirmaUnt. 

MJJiDkiL—CIiTyaBheryl  I  beryl!  epidoU!  towrmaUne!  f^etipar,  jamttf  vXU!  cb'gMlaM. 
thtorophyUUe!  automoUU,  nagneliis,  adutaria,  apatite,  eoiumiiU/  (hermtmnolite),  kuwm 
(oalyptolite),  mica,  pyrite,  maroaaito,  tneij/bdenite,  aLauite,  bismuth,  bismatli  oohie,  bimia- 
lite. 

HADkYUE. — Chabamte  and  «Ulb!t«  in  gneiss,  with  epidoto  and  gtuiiet. 

HAinvotiTt.—'DatoiUt  (Bockj  Hill  quarry). 

'Kxvi. —Droun  nwi  ore,  pytolniit*.  oohrey  iron  ore, 

LiTOHTiKLD. — OyaniU  with  corandum,  apatite,  and  nndalnalte,  mtnaeeanit*  (waahington- 
He),  oholcopjiite,  diupote,  nicoollfecona  pynbotite,  maigantdite. 

Ltuk. — G-amet,  amiBtonB. 

Hebi  DEN,  — Datolite. 

HiDDLsriBi.D  Falls. —DatoUte,  chlorite,  etc.,  in  amT^aloid. 

MiDDLXTOWN. — Mioa,  UpidotUi-rnXa  gfreen  and  red  tourmaline,  aibUe,  fddtpar,  eohmAUtl 
fr^uiiU,  garnet  (sometimes  octahedral),  beryl,  tepai,  nranlte,  apatite,  pitehblende:  at  laaJ 
mine,  gaieitite,  chateopyrite,  blende,  quartz.  eidcit»,  fluorite,  pyrite,  eametimea  capi]lw7, 

HiLFORD. — Soblite,  pyrMWie,  luftaifui,  lolsite,  veid-antlque,  marble,  pyrite. 

ITew  Haven.— Serpentine,  aabestaB,  cbcomin  iron,  sahlite,  itiibite,  prebnlte,  "*"*"*'-, 
fmeUnlte,  spophyllite,  topualite. 

Newtown. — Cyanite,  diatpore,  r«(C«,  damonrite,  cinnabar. 

Nonwicu. — Siliimnitite,  mojiaziU/  lircon,  ioltU,  uorandam,  feldapaK 

Oxford,  near  Hnmphtiaysvllle.— Cyanlte,  cbalcopyrite. 

PliTMOUTn.— Galen ite,  limilnndjtt.  JtuoriU,  cAlorophyUile/  gamat. 

Beasiho  (near  tbe  line  of  Danbnry). — Pyroxene,  garnet. 

BOAKDiCi  Bhook  (Cheabice).— i)ito(ii«/  caluite,  prehnite,  saponita. 

BoXBtRT. — Siderite,  bleruU,  pj/ritel !  galenite,  quarts,  cbalcopyrite,  •neaopTrite,  Umoo- 
U. 

Salibburt. — Broien  iron  ore,  octmy  iron,  pgrolutite,  triplit^  turgiU. 

BA.tBttOOS,^iCuiybdenite.  stilbite,  plumbago. 

Sktuocr. — Nntlve  bismuth,  Braenopyrtte,  pyrite. 

SmSBiniT.  —  Clipper  gUincr..  green  malachite. 

SotrraBURY. — Rose  qusrtl,  iHumanCite.  prehnite,  oalcite.  baritfc 

BODTHINQTON, — Barite.  datolite,  wtedated  qnartz  cryatola. 

BtaTTORD  — Massive  pyrites,  alum,  copperas. 

STOMraoTON. — StUbite  and  eJutbaate  on  gneia. 

Tabiffvillb.  — Datolite . 

TEATCHERaviLLE  (near  nridgeport). — Stilbite  ongnalaa,  bablnghndtef 

Tolland.— ^taurolite,  massive  pyrites. 

Truubdll  and  Monroe. —  Olilarophant.,  topai,  beryl,  diaspors,  pyrrholite,  pp^te,  nkco- 
Ute,  scheelite,  Tcoiframite  (psendomorph  of  scheelite),  ratile,  native  biainath,  tnngstio  acid, 
■Iderite,  mispickel,  argentiferous  galenite,  blende,  scapollte,  tourmaline,  garnet,  albite, 
Migite,  graphic  tellurium  (1),  tnargarodits. 

WASniNaTON. — TriplUe,  nienaeeanUe!  (waahingtenite  of  Shepard),  Aodoohtuwte,  nabo- 
ttte,  andairitUe  (New  Preston),  cyanite. 

WaTebtown,  near  the  Nangatnuk, — White  sahlite,  momuitc. 

Webt  Fabub. — Asbestos. 

WiLLtMANTic. — Topai,  mmumte,  ripUletUt. 

WracUEBTER  and  WiLTON.— Aibeatns,  garnet 


NEW  TOOK. 
ALB&KT  CO  — BETOLStlEll.— Caloite,   stalactite,   stalagmite,   oalcareoiu  sinter,   aaow} 


BTpsum 
Oosn 


Jobtvan's  Lahdino.— Oypmm,  epsom  salt,  quartt  crystals  at  Crystal  HDl,  thren  mikt 
■onth  of  Albany. 

Q-vrLDBRLAND. — Fetrolenm,  anthracite,  and  oalcite,  on  the  balks  of  Uta  Nonnan'a  KQl 
laro  miles  south  of  Albany. 

WATBBYLUn.— QiMrts  tryHak,  yellow  draiy  qnartB. 
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ALLEQHANT  CO. — Cuba- — Caloaceoiia  talk,  potrolanm,  81-  mflea  fiom  the  TUlag*. 

OATTAEAUGUS  CO.— Fskbi>oh. —Petroteum. 

OATUGA  CO. —A un CRN. — Celeatite,  caloite,  fluorapar,  epBomito, 

Cayuga  I.^kk. — Sulphni. 

IiUDLO  w  VII.  I.E. — Epnomite. 

Union  ^pmsoa.—Sdenite,  ffypsmn, 

SFRiNOTviRT.^At  Thompsoa'H  plaaMr  beds,  lulphurl  ulmitA. 

fiPRiNOViLi.li;.— Nitrogeii  springa. 


OHATAUQDB  CO.— Fbbdohia.— Ptftrwfewm,  earburetted  hydrogen, 
Laona. — Petroleum. 
Bhbridan. — Alum. 

COLUMBIA  CO. — AnBTBRLiTZ. — SartAg  TnangaiiBte,  wailemte,  clialoooite ;  Livlngitca 
lead  miue,  vitreous  silver  F 

Cdathah. — QuotU,  pyrite  in  ouUo  oiTBtak  in  Blate  (Hilladale). 

Canaan.— Chaloocite,  chalcopyrita. 

Hudson. ~-Epidot«.  telenilt/ 

New  Lebanon, — I4itrog;eii  spring  gi&phite,  antiunoita  ;  at  the  Ancrun  lead  mine,  galea. 
tte,  baiite,  blende,  wuifeniU  (race),  obAlcopyrite,  oaloaieoui  tufa ;  near  the  oitj  of  Hndatnt,' 
epMin  salt,  brown  spar,  lOad 

DUTCHESS  CO.— AuENi A. —Dolomite,  Utmnite,  twgiU. 
Beckman.  —Vdomite. 

Dover. — Dolomite,  tremolit«,  garnet  (Fofo  ore  bed),  stanrolite.  UntoniU. 
F[giiKiLt.._Dolomit« ;  near  Peckville,  talo,  Bfbeatus,  grap/tUt,  hombUade,  aogita,  aetlno- 
Hit,  hydrous  anthophyllite,  limonite. 

North  East. — ChuLcocite,  chaloopjdte,  galenite,  blende. 
Pawmno.— Dolomite. 

BaiKEimciL — Calciia.  green  feldspar,  epidote,  tourmaline. 
TJmiom  Valk.— Ac  the  Clove  mine,  gibbsUe,  Umonile. 

ESSEX  CO. — ALii:xAHi>RiA.— Kirb;'B  graphite  mine,  graphite,  pf/roxaie,  teapeiiU,  sphsne. 

Crown  PomT.^Aptiti'e  (eupjcchxoite  of  JUinmonx),  bitiica  touriaaUite/  in  the  apatite, 
chlorite,  quartz  crystals,  pink  and  blue  caloite,  pjrite ;  a  short  dietanoe  Bouth  of  J.  C.  Ham- 
mond'B  liouBe,  garnet,  teapcUte,  chalcopfrite,  aveaturine/^dipar,  zizoon,  magrHetie  iron  (Pem), 
epidote,  mica. 

Kkknb. — Scapolite. 

LswiB.^Tabuliir  Kpar,  cdoplumite,  garnet,  labradofiU,  harablende,  aotiuolite;  ten  milei 
Bouth  of  the  village  of  EeeBeville,  mlapickel. 

Loss  PuKD. —Apatite,  garnet,  pyroxene,  idocraae,  eoeedUlef  I  $eapo!ile,  magnetite,  bbu 

MclNTrBB. — Labradorite,  garnet,  magnetite. 

MoRiAH.  at  Sandford  Ore  Bed. — Magnetite,  apatite,  oSant'M/  lanthanite,  actinolite,  and 
feldspar ;  at  Fisher  Ore  Bed,  magnetic  iron,  feldspar,  quartz ;  at  Hall  Ore  Bed,  or  -'  New  On 
bed,"  magnetite,  urcong;  on  Mill  brook,  ailcile.  pyroxene,  hornblende,  albite;  in  the  town, 
of  Moriah,  mi^nptit«,  bl/ieb  mica  ;  Barton  Hill  Ore  Bed,  albite. 

Nbwgomb. — Labradorite,  feldspar,  magnetite,  hypeisthene. 

Port  Hbnbv. — Brojen  tourmaline,  mica,  rme  gaarU,  aerptntine,  green  nnd  Uaek  pj/roxene, 
hornblende,  ci-yiit.  pjfrile,  graphite,  woUastonite,  pyrrbotite.  advlariay  p/degopiiel  at  Cheevel 
Ore  Bed.  with  ma^pietite  ocd  serpentine. 

Boobr's  Bock.  —  OrapMte,  leoUattonite,  garaet,  celephonite,  feldspar,  adnlaria,  pyroMfM, 
wpltene,  imcoolite. 

ScHRiios.— t-'aiw't*,  pyroxene,  eJiandrodite. 

TicoNDEBoaA. — GrapAite/  pyroxene,  tahUte,  tpJttne,  blaok  tonrmaline,  oaooxene?  (Ht 
Deflanoe). 

Webtpost. — Labradorite,  pcebnite,  nutgnetite. 

WiLLBBOBo'. —  WoUaetonitt,  eolopAoniie,  garnet,  green  aMoaliU,  hmnblende. 

BEIG  CO.— Eixicott'b  liiLLe.—Oateare»m  tafat. 

^'  n.„„.=,C0Oglc 


OGNESGB  CO. — Aeid  tpringi  ooDtatmuK  iQlphoiio  Mud. 


I  CO.— FAmrixi.D.~-Qiiam  ersttnii,  fetid  barite. 

LrTTLB  Palls.  —  Qtiartt  ery«tai»'  bsrite.  calcite,  uithiaoite,  peiul  ip«r,   tmokg  fuatU, 
mie  mile  Math  of  Little  Folia,  caloite.  brown  Bpar,  foldapar. 
H1DDLEVII.T  li:. — ^itarU  erytiaUl  lalaiU,  brown  and  pearl  apar,  anthracite. 
Nkwport. — Qaarix  orysU^. 

SALiBBOitT.^Quarber^toIf/  blend«,  galenite,  pjrite,  chaloopjrita. 
&TAUK. — Fibrous  celestite,  Bjfpuan. 

EAUILTON  CO.— Long  Lakk.— Bine  o&teite. 

JEPJ'EUSOS  CO.— Adams.— Pluor,  oalo  tnfn,  barite. 

Ai'RXA^DitCA. — On  the  S.8.  bank  of  HuBooloDge  Lake,  flaorite,  jJitogopitA,  chaleopTritt^ 
■patiM ;  on  Uigb  Inlaiid,  in  tba  St.  Lawrence  Biver,  feldapai,  tourmaUnt,  iLOmblende,  ortk«' 
etoM,  celestite. 

A^TWEliP.— Stirling  iron  mine,  hematite,  c/ialeodUe,  siderite,  miUeTite,  red  Jiatiatite,  cijk 
billkzad  qaarbi,  ydtow  aragoniU,  niccoliferona  pyrite.  gaarlz  oryttaU.  pjrite ;  at  Oxbow,  eai- 
dtt/  porouB  voralloidal  heavy  epar;  near  Trooman'a  liJ<e,  etdciUl  TesaTianite.  phiogepite! 
mroxeat^  tp/ieiie.  Uuorite,  pyrite,  chalcopjrite  ;  alao/eW»par,  bog-iron  ort,  ecapolite  {fann  oi 
DaTid  Eggteson),  leiTieniint,  tonrmaline  (yellow,  rare). 

BltowNBvn.l.ll, — Celeatite  in  alender  crystals,  caloite  |four  miles  from  Wat«rt(iim). 

Natukal  Jtiuuoe.— Feldnpar,  jii'At««^it«.'  ttentiie paeudonunjA^mi  tib^  pjroMtaio,  ^ntita. 

Nbw  CoNSKCi'icoT — f^hene,  broan  plilegi>pit«. 

OtLt-ML^-Ba-yl.,  fddtpar,  hematite. 

PniLADKLFUiA.  —  QanteU  oa  Indian  river,  in  the  Tillage. 

pAiiaLiA.— ..iflarw  nii/i«nii,  ealo  tufa. 

PiEiiKBroHT. — TourmaluiQ.  spbene.  scapolito,  botnblende. 

FiLLAU  Point, — MattiM  bariU  (ezhaQsted). 

T[i£itBSA. — Fluorite,  eaieite,  hematite,  hornblende,  quarlx  erf/*tat>,  aerp^tine  (aasociaM 
with  hematite),  celestite,  Btrontiamte  ;  the  Uuacolonge  Lake  localitjot  flnoria  exhMUted. 

Watektown. — I'remoiiu,  agaric  miaenU.-ctlo  tufa,  celeatite. 

WiLNA. — One  mile  north  of  Natural  Bridge,  eaieiU. 

LEWIS  CO.— Diana  [localities  moHl:Iy  near  jnnction  of  crystalline  and  sedimentary  rocbi, 
and  withiu  two  milea  of  Natural  Bridge). — HaipoUte  /  wollaBtomte,  green  coceoUte,  fMipar, 
tremoUtf,  pyrixeene  !  tplteae.! .'  mica,  qwtrts  eryftnln,  drusy  quartz,  oryst.  pyrite,  pynhotite. 
Hue  enlcile,  aerpentine,  rciisidaei-ite,  idroon,  graphite,  chlorite,  hematite,  bog-in>n  ore,  ina 
Kind,  apatite. 

Gbkio. — ifagnatUe,  pyrite. 

Lowvii.LB.  —  Ua/eite,  flnorite,  pyrite,  galenito,  blende,  calo  tufa. 

MARTCNaiiHROiI. — Wad,  goJenite,  etc.,  but  mine  not  now  opened,  ealeitt, 

Watson,  Bbemkn. — Bug-iion  ore. 


MONTGOMERY  CO.— Can ajocabie.— Anthracite. 

Palatine. — (^uarb  mylalii,  drusy  quartz,  anthracite,  homstone,  agate,  ganiat. 

Boot. — Druey  guarU,  blende,  barite,  stalactite,  stalagmite,  galenita,  pyrite. 

HEW  YORK  CO.— Corleah'b  Hook.— Apatite,  brown  and  yellow  feldspar,  spheno. 

KlNQBaRlDOK.— 7'r«'7toitM,ji;VTOZ«/i«.  mwM,  taurmnline,  pyrites,  ratile.  dolomite. 

HarlrM. — Epidol«,  npopbyllite,  stilbite,  tourmaline,  vivlanite,  lamellai  feldspar,  mioa. 

New  Yubk, — Herpentint,  amiant/ms.  aotinollte,  pyroos^ae,  hydrous  anthophyllite,  ganw^ 
staurolite,  molybdenite,  graphite,  cMurite,  jasper,  ntcroniU,  feldspar.  In  the  esoavationt  tot 
Uie  4tli  Avenue  tunnel,  1875,  liarmotirau,  stilbite,  ohabasite,  heulkndita,  eto. 


..,1,^ 


H^ 


AMKBIOAS   LOO&LmBfl. 


HiaQaba  Falls. — CaiaU«,  flnoiite,  bleode,  iaIomiU. 

ONEIDA  CO.— BoONViLLE.— Oifc^ttf.  teoUiMtoaiU,  OBeeotiU. 

Oi.iSTOit— Blende.  kntieuLtr  argiBaeeoiu  iro/i  or4  ;  In  raolu  of  the  OUnton  Qtimp,  MvouU 

wlte,  oelentite.  the  foimsE  ooTeiin;  tha  latter. 

OXONDAQA  CO.~CA)tUjLJ}B.Selerut«BiaAJU>roiug]fpiant. 

Cold  SritiNO. — Axinite. 

HANLica. — Oj/piam  and  flnor. 

SiuACuss. — Serpentine,  celsBtite,  selenite,  badto. 

OEANGE  CO.— CnimwALL.— 7»-eon,  ehondrvUte,  hornHeiula,  ^iaA,  mattiDt  feidtpar, 
fUrroua  epidoU.  hndnouite,  manaocanite.  terfientine,  oocoolite. 

Dbkb  Pars.—OtvH.  pgrite,  galeaite. 

JloKaoE.—ifiea/  tphene/  garnet,  oolophonite,  epidote,  ehondrodUe,  aUanite,  bnohoUita, 
blown  spai,  ipinA,  hornblenda,  talc,  menacotuiite,  pyrrholitt,  p^iite,  ahromite,  graphite,  na- 
tolyte,  mororioUte. 

At  WiLUS  and  O'Neil  Uine  in  Uonroe. — Arsgonita.  magnetite^  dimagnetite  (peeud.  T),  )mi- 
kinsite,  aibeatiu,  Berpentine,  miea,  liort/metiie. 

At  T\ro  FoNDsin  HoQcoQ.^i^roxm^/  e/umdrodUe,  }urniblende,  eeapalUe /  ureon,  tphsM^ 

At  Okbbnwood  Fobnacb  in  Honioe. — Ohondrodite,  pj/roxeae  I  mioot  homllaide,  tpind, 
leapoliCe.  bioliU/  menaucanite. 

At  FoBKar  of  Dba^  .—PffToxene,  tpind,  liroon,  scapoll 

Tows  Of  Waritick,  Wabwick  Villaob. — Spinel!  tii 
tnel  harnilaidt!  peeudumorj^ioMe  steatiU.  fddspar  I  (Rook  Hill), 
tourmaline  (K  H.),  ru<&,  ephene,  moljbdaaita,  argonopjrito,  maroa 
■inter,  quartz,  jasper,  mica,  otHscoUte. 

Aaiti.— Spinel/  garnet,  lertpoliu,  /lomMende.  vetiivuinite,  epidott!  elinUmUef  magnetite, 
ttmr/niiUne.  warwickibe,  apatite,  eAondrodite,  Mel  pgrtaenel  rubile,  mcnoccamte,  titven, 
CBniJidiivi.  fddepnr,  apbane.  calaite,  BeipentLne,  schillar  spar  (T),  Bilrer;  mica. 

BoENviLLK. — Apatite,  diondrodlte  !  Itair-broan  liernbUitda  I  tremolibe,  »piad.  tO'trmaUne, 
aaruiieldlt,  pyroxene,  ephena,  miea,  fiidtpar,  miepickd,  orpiment,  nttiie,  meoaoofinite,  aooro- 
dite.  cholcopjrite,  teueopj/rite  (or  loUingite),  aJlanite. 

West  Fouit. — F'lldtpar,  miea,  soapolite,  tphene,  /lerjiilende,  allanite. 

PUTNAM  CO. —Beewbteb.  Tilly  Foster  Iron  Mine.— OTowfrorfi'te/  (ftlaohnmiteandolino. 
hamite)  orystals  very  lare,  magnetite,  d/Aomile,  terpeatint  pieudomorplif,  brjieiU,  enatatite, 
ripidolits,  bictita,  aoCinolibe,  npatita.  pyrrhaCita,  SaoriCa.  olbite,  epidote,  aphene. 

GARUEL  (Brown'aquarrj). — AntbopbjUlte,  ichiller  spar  (?),  orpiment,  ajaen op jrite,  epi- 

Cold  Sprikq.- Chabaiite.  inioa,  gphena,  epidote. 

Fatteuson.-'  W/dt'-  pgroaene  !  ealcite,  mbeetiu,  trema&e,  dolomite,  massive  pyiite. 
PirrLLiFBTowiT. — Tremolile,  amiantltve,  lerpentiae,  ipheae.  dioptide,  green  eoccdite,  hom 
blende,  laipo^Ue,  atilbite,  mioa.  laumontite,  ^rhaflte,  cn1ait«,  magnetite,  cbromlta. 
Fhillips  Ore  Bed. — Hyalite,  aoUaiAite.  mamvepi/rite. 

BENSSELAER  CO.— Hooflic— Nitrogen  springs. 
Laniinohl'bgh. — Epaomite.  guarii  eiyetaU,  pipile. 
T&or.  — ^iMrtz  eryilaU,  pyrile,  itleaiU. 

BICHUOND  CO.— BoBsviLLE.— Lignite,  ^rjnt.  pyrfta, 

QVAHMirma. —Asbeitut,  amiaatiivt,  Mogonita,  diibmitfe,  gurbofitt,  bradb',  ioit>Mitte 
Alia,  magneeite. 

BOCKLAND  CO.— Caldwbll.- Catofl* 

Obassv  Point.— Serpentine,  aotinolite. 

B.KVV.»mTiAv.—HoniJdende,  bwite. 

Ladentown. — Ziroon,  malachite,  cnprito. 

Pibrmont.— Datolite.  stilbite,  Rpophyllita,  stplllta.  prehnlte,  thonuonite.  aaldta,  obafaMrftt 

Stuhv  PoiKT. — Oaroljte,  UmelUr  hcmbltuide,  aabcatna. 

r„i„,.^.>,i.^i^ 
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ST.  LAWHESCB  CO.— GANTOH.—JfoHnig  pgriU,  vaieiU,  brown  tonmuliue,  *phene,  mh- 

ptnline,  talc,  renadamt^,  pjiozeDe,  hematite,  chklcopjrite. 

DBKALa — Hornblende,  borite,  Jhunita,  tremolil^,  Urmvutliae,  blonde,  graphite,  pTioxcaie, 
qnaitz  (Rpongy),  seipentiae. 

Edwailds. — Broten  iind  lUcer'j  miaaj  so^iolite,  i^tite,  quarU  eryttaii,  actinalibe,  tran^ 
tiiel  hematite,  serpentine,  mnguetite. 

Fi^K.—JHack  miea,  hornblende. 

FowiiER. — Baritt,  quartz  erytlnU!  hematite,  hlende,  gnlenite,  tiemolite,  ehalcedoDT,  bog 
ore.  satin  spar  (awoc.  with  serpentine),  pyrite,  oholcopjiite,  actinolite,  rt7»*daerit«  (neai 
Sometville). 

QonvKHMBUR.— ftifcifa/  terpentine!  liombiende/  »eapoUtef  m'tiiociate,  tmirmalint/  ido- 
onwe  (one  mile  south  of  Q.),  pyroxene,  molacollte,  apatite,  rtattetatrile,  aerpentine,  apheiu, 
flnorite,  baiite  (farm  of  Judge  Dodge),  blade  miaa,,  phlogopite,  tremoliu!  aatwEtos,  hem&tite, 
gnpliite,  yesanaoite  (near  SomerviLle  in  serpentiaa).  tpiit^,  houKhite,  soapolite,  phiogopUe, 
dolomite  ;  three -quoiiers  of  a  mile  west  of  Somerville,  eJiandrodtU,  spinel ;  two  miles  nortk 
of  Somerville,  apalita,  pyrite,  brmen  tovniialins  /  ! 

'O.KMUoso.—ApntUe!  nrconl  (farm  of  Mr,  Hardy),  OT-rA«)ia«ilo]cocaBe),jiarjiMi(«,  banUi, 
pyrite,  purple  finorite,  dolomite. 

Hekmon. — Quarts  oiyitaii,  hematite,  Mderite.  pargasite,  pyroxene,  serpentine,  toiiiia*> 
Une,  bog- iron  ore. 

Kacomu.— Blende,  mica,  gaUnite  (on  land  of  James  Averil),  sphene. 

KiNERAL  Point,  Hocristown. — Fluodte,  blende,  galenite,  p/Ui>gi:j>iU  (Pope's  HiUe),  baiit« 

OODEKSBOTia.— LabrodoritB, 

PiTCAIRK. — Satin  spar,  associated  with  serpentine. 

POTBl>AH. — Iloriiblrjide .' — eight  miles  from  Potsdam,  on  rood  to  Fieirepont,  fdd^ar, 
toamuiiine,  Wuk  mica,  hornblende. 

RoMtB  (Iron  Mines). — Burite,  hematite,  ooralloidal  aragonite  in  mines  near  SomerriUs, 
limonl(«,  guoTtz  (Koraetimes  stalactitia  at  Parish  iron  mine],  pyrite,  ]>eaH  iipar. 

RoasiB  Lead  Mine,— Crifci(#/  gnitnite  !  pyHte,  eekttite,  chalcopyrite,  hematite,  cenmite, 
anglesite,  oclahedrai  flyor,  M/ie/c p/ilogopitc. 

Elsewhere  in  Ro&ait:.  —  Galcite,  badte,  quartz  cryatals,  chondrodite  (near  Tellow  Lake), 
fddfpar !  ptrgtmte  /  lyintitt,  pyroxene,  hornblende,  sphene,  tircon,  miea,  fluorite,  serpen- 
tine, aut«molite.  pearl  spar,  graphite. 

BosBEL. — Pargante,  wpeeuiar  irt/n,  gvarta  (dodec.),  caldte,  lerpentine,  lensselaeritoi 
magnetite. 


SCHOHAEra  CO,— Bam.'bCave,  and  otbers,— Calcite,  staloctitea. 

CAULinbic, — Fibrom  bariU,  erynl.  andfib.  ealeite. 

HiDDi.tBCKT. — Anthracite,  calcite. 

SUARON, — CalcareooB  tafa, 

ScuonARiK,- Fibrous  cele»tit«,  Urontianiu!  aryil.  pj/ritt  I 

SENECA  CO.— Canooa.— JTrtrejCTBpn'nff*. 

BULLIVAN  CO.— WnRTEBORo',— GnJfni(«,  bkrtdf,  pyHle,  ehakopuriU. 

TOMPKINS  CO  —Ithaca.— CalcareooB  tufa. 

—  Qalenite,  blende,  dude/tpyriU  i  gvartz,  brveUU. 


WARREN  CO.— Cai.dwbll- J/iwwce/rfrfjipnr. 

CnegTEK. — Pgi'ite,  tonrmoline,  rutile,  chnlcopyrite. 
Deanomd  Isle  (Lake  6eoi;ge), — CakUe,  guartx  ory»t.ii». 
Olknn's  Falls.— Rhomb  spar. 
jonKSBUua. — Fiuorile/  zircon!  I  graphite,  terpentine, p^r^ 


WA,TNB  CO.— WoLCOTT,— Barita.  ^ 
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VSBTCHESTEB  CO.— AbthoWt's  Nobb.— Apaiite,  pfiite,  ealatsl  in  tmj  large  titmlit 
HTBtoIa,  grouped,  tuid  BOmetimeB  Jncmated  with  ctmay  qnartz. 

Davenpokt'b  Neck. — Serpfntine,  gamot,  ipheno. 

E A sTcnBBTKR.— Blende,  pjrite,  ohioopytite,  dolomite. 

Hastihob,— J'rcimi&'M,  vJiitt  pyrafcene. 

'Sv.w  BiOCHELLe. — Serpentine,  bracite,  qaartz,  mica,  tremolite,  gnmet,  magnesite. 

Fekkbeill. — Mios,  feldapu,  hornblende,  EtUbite,  nphene ;  three  miles  Bonth,  eoiery. 

EvB. — Strj)tnlm«,  eltlmte,  lAick  leurmaUne,  tremolite. 

SraaBiNO. — Pyroxene,  tremoiite,  pyrite.  beryl,  aiurite,  green  malaohite,  oeraaaite,  pTromv 
phite,  anglesite,  vanquelinite,  galenite,  nBtive  silver,  oholcopjrite. 

West  Fabms. — Apatite,  tremolite,  garnet,  atUbite.  heulimdite,  ohabazilie,  epidote,  s^uai» 


NEW  JBESET. 

Audotkii  Iroit  Mine  (Snaeex  Co.). — Willemite,  brown  garnet. 

A1.1.KHTOWN  (Monmonth  Co.). —  VwianiU,  dufreaUa, 

BKI.VII.1.B.  ^Copper  mines. 

Bkkosn, — Caldu!    datolUe/   peetoUte   (oalled   stellite) !  an/iUite,  npophi/Uite  f 
pre!imte,  nphene,  ttilbUe.,  natroltU,  henloodite,  laamontit«,  ehabanU,  pynte,  pseodomorpbow 
■teatite,  iinitatiTe  of  apophj'Uite,  diabantite, 

BRnKSWiCK.— Copper  mines;  native  copper,  malaehiU,  mauntaia  leather. 

BnVAM.^Chondrodite,  tpiTid,  at  Roaerille,  epidote. 

Cantwei.l'b  Bbidoh  (Newcaetle  Co.),  three  miles  vest. — Tirlanite, 

I)ANVii,LB  (Jemmj  Jamp  Ridge). — Grap/Ute,  ohondrodito,  angile,  mica. 

Flehinqton. — Copper  mittei. 

Fbankfort. — Surpen  tine. 

Fbanklih  and  STERLisa, — SpiaA!  gam^!  rhadonitrl  wiUemHe!  fmntUinitef  tineite! 
iyAuitel  hornblende,  tremoiile,  aumdrodUe,  vihite  scapoUte,  blnck  tourmaline,  epidote,  pink 
talate,  mica,  actinolite,  angite.  nahlite,  cocooUt«,  aabestua,  jeffertonitt  [aogite],  calkmiDe, 
inpbite,  flaorite,  bei7l,  golenite,  serpentine,  lion??- colored  aphene,  qnartz.  ohalcedony, 
ametbyat,  sircon,  molybdenite.  viTianite,  iepliToUe,  rbodocbroBite,  aragonite,  gasaexite,  chol- 
eophanite,  roepperite,  calt^oiincite,  vanDxemite,  gi^nite.     Also  lUga^ite  in  gran,  limeitone. 

FuA^'ET.Cf  and  Warwick  Mts. — Pgrite. 

Gbbekurook. — Copper  minea. 

QiireosTOWH. — Copper  minea, 

KAMBCHon. — One  mile  north,  epinel  1  tourmaline,  pMogopUe,  honMende,  limoTiitt,  hematite. 

HOBotCKN. — Serpentine  (marmolite),  bruoite,  nemaiilt  (or  flbrona  brnoite),  aragooite,  dolo- 
fldta. 

HnilDBTOWM. — ApatiU,  pyrrhotita,  magnetite. 

IMLETTOWN. — Vi  \fianite. 

liocKwoon. — Oraphite,  cAondrodiie,  tale,  (lugiUi.  qvartt,  green  ipinA 

HOHTVILLK  (Morria  Co.).— Serpentine,  dirytotile. 

McLLiCA  H11.L  (QloiiceBter  Co.), —  Viciauite  lining  belemnites  and  other  fossilB. 

Mbwton. — Spink,  blue,  pink,  and  wbite  corundum,  miea,  Terorianile,  hamUoide,  bmrma- 
bw.  leapelite,  rutile,  pjrite,  talc,  calcite,  barite,  pieuilamorpluna  eteaUte. 

P  ATR  RBON. — Datolite. 

Tkbkok. — Berpentine,  apinel,  hydrotaldt«. 

PENNSYLVANIA.- 
ASAUfl  CO. — Getttebcbo. — Epidote,  fibroua  and  maaalTS. 

BEIIES  CO. — MonoASTOWif. — At  Jones'a  minea,  one  mile  east  of  Uorgantown,  grem 
malaehile,  natire  copper,  eJirytocolUt,  magnetite,  allophane,  pjrite,  chalcopyiite,  aragonite. 
qMtite.toIo;  two  milea  N,E.  from  Jonea'a  mine,  grac^ite,  aphene;  at  Steele's  mine,  one 
Bile  N.W.  from  St.  Marj'a.  Cheater  Co..  magnetite,  micnoeoua  iron,  coccolite,  brown  goiuet. 

Seadino. — Smokji  i^arCz'crjstala,  nreon,  stilhite.  iron  ore,  near  PriceUtwn,  zircon,  ollan- 
Ub,  epidote ;  at  Eckhardt'a  Furnace,  allanite  with  tireon  ;   at  Zion's  Churoh,  molybdenite ; 

*  Bee  elao  the  Report  on  the  llineralogj  of  Peuu^lvanla,  by  Dr.  F  A.  Ooul^  II 
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pontine. 

BUCKS  CO.— BDCKiNauAH  Towkbbip. — CiTHtaLUied  qnixlz ;  neat  Neir  Hope,  veaanaa 
he.  epidote,  barite. 

SoirmAMPTON. — Near  the  Tillajte  at  Peuterrille,  tn  the  quarry  of  Qeorge  Ton  Andal* 
fr^AUt,  pyroxene,  sahlite,  uoocolite,  tphaie,  green  mica,  caJcite,  vxiiattoniU,  g\»asj  ttii 
•par  Bometimes  opalescent,  pblogopite,  Mu«  giiarU,  gamet,  liioon,  pynte,  moRMcite,  aCMpoOi* 

Kbw  Bblt.lih. — Dolomite,  gtdenite,  blende,  malachite. 

CABBON  CO.— SuMUiT  HiLi.,  IniwalmlnM.— fooUnifA 
CHESTER  CO.— AvoxDAT.E.- AabertDS,  tremotltA,  framet,  opaL 

BntulHanAU  TowNsniP. — Amethyst,  tmoky  quartt,  serpentine,  beryl ;  in  Ab'm  Dadii^ 
ton's  lime  quarry,  oalcite. 

East  Bradvobu.— Near  Bnffln|rton'B  bridge,  on  the  Brandjwine,  green,  blue,  and  gray 
oysnite,  the  gray  o^anite  is  found  loose  in  the  soil,  la  oiystalB  ;  on  the  tanna  of  Dr.  ELiryn, 
HtB.  Foalke,  Wm.  Gibbons,  and  Saml,  Entrikin,  amethyst.  At  Strode'e  mill,  aabestiia.  mag- 
iiMitf,  anthopbyllite,  epidote,  aqnacrepitite,  oligoclaae,  drasy  quartE,  eoUyriit  f  on  Ob- 
bome'B  Hill,  wad,  manganiti/xn  garntt  (inaitdve),  «^«n«,  schorl;  at  Caleb  Cope's  lime  qoarry. 
fetid  deloniite,  nccronite,  gameU,  bine  ojanite,  gellovi  aetinolite  in  tale  ;  near  the  Black 
Horse  Inn,  indurated  taie,  mtile ;  on  Amor  Davis'  farm,  orttate!  maasire,  from  a  grun  to 
ImnpR  of  one  pound  weight ;  near  the  paper-mill  on  the  Brandywine,  tireon,  associ«tad  vitb 
tUavifavag  inm  in  bine  quarta. 

West  Bradford.— Nesr  the  Tillage  of  Uaishalton.  green  oyanite.  latile,  scapolite,  pjtfte, 
atouTolite;  at  tlie  Chester  Conoty  Poor-bansa  limestone  qnarry,  tJusterlitel  in  cryntala  iin> 
planted  on  dolomite,  rutiU!  in  brilliant  acicnlar  crystals,  which  are  finely  terminated,  c«I- 
eito  in  scolenohedrons,  loisite,  damimrite  T  in  radiated  groups  of  crystala  on  dolomite,  gvarta 
erj/itak  ;  on  Smith  &  HcMnlUn's  farm,  epidote. 

Chaelistowb.- PyronK^WM,  Cfntaite,  galenite,  quarts. 

CovBHTKT.— Allanile,  near  Pughtown. 

SoTFTU  Coventry.  — Id  Chrisman's  limestone  quarry,  near  Coventry  Tillage,  aagtte 
qibene,  grapbite,  tireon  in  iron  ore  (about  half  a  mile  from  the  viUage). 

Eaht  Fali^wtield. — Soapstone. 

East  Gosheh. — Serpentine,  aabiet'ul,  magnetite  (loadstone),  garnet. 

Elk.— Menaocanite  with  mngcovito,  chromit* ;  at  Lewiaville,  blnek  Umrmaline. 

Wbbt  Ooseien. — On  the  Barrens,  one  mile  north  of  West  Chester,  amianthus,  serpentiii*, 
cellular  quartz,  jasper,  chaluedooj',  drusy  quartz,  chlorite,  marmolite,  inducated  talc,  maff- 
ntsite  in  radiated  crystals  on  serpentine,  hematite,  atbetlus  ;  near  B.  'Taylor's  mill,  chromite 
In  octabedral  crystals,  deiBsyUtt.  radiizUd  magnesitr,  nragonito,  ttaurolite,  garnet,  asbestaa, 
qiidote;  anate  on  homblende  at  West  Chester  water-ivorks  (not  accessible  at  present). 

New  Gardkh, — ^At  Nivin's  limestone  qnnrTy,  brovm  toiirmaUm,  neeronite,  scapoliCe,  Bp»- 
tite,  brown  and  green  niioa,  rutile,  aragmite,  fibroiit'-,  hioliiiite,  tremolite. 

KsKHUTT. — Aetinolite,  brown  tonrmaline.  brown  mica,  epidolr,  tremolite,  scapolite,  ara- 
tfonile;  on  Wm.  Cloud's  farm,  *uiu(one.'  .'  clmbazito.  spbeiie.  At  Pearce's  □Id-mill.  toiaU«, 
tfndote,  aumtone  ;  sunstone  occurs  in  good  specimens  at  various  places  in  the  range  of  bM9> 
blende  rocks  running  throngh  this  township  from  N  E.  to  S.W. 

Lower  Oxkohd. — Garnets,  ■purite  in  cubic  crystals, 

London  Grove.— Kutile,  juapoT,  chalcoJony  (botrjoidal),  large  and  rough  quartt  crytteli^ 
epidote  ;  on  Wm.  Jackson's  farm,  j/eUoie  and  biack  tourmaline,  tremolite,  mtile,  green  micK, 
apatite,  at  Pnsey's  quarry,  rutile,  (remulitt. 

East  Marlboro  uon.-Ou  the  form  of  Baily  A  Brothers,  one  mile  south  of  Unionville, 
bright  j/eiioiB  and  nearly  white  Un'rmaline,  ehriteHite,  aliite,  pyrite ;  near  Marlborough  meet- 
ing-house, epidote,  serpentine,  aoicular  block  tourmaline  in  white  quarts;  tireon  in  small 
perfect  crystals,  loose  in  the  soil  at  Pusey's  saw-milt,  two  miles  S.W.  of  Uniourille. 

West  MARLBOBonoir.  —Near  Logan's  quony,  staurolite,  cyanite,  yellow  tourmaline,  rutd^ 
lamets;  near  Doe ItDnTiUage,  A^nuitt'c,  acapolite,tr«7n0lAtf,'  in  B.  Baily's  limestone  quanj, 
kiro  and  a  half  miles  S.W.  of  tTnionTille,  J^roni  tremolito,  cj/anite,  scapolite. 

Nbwlch.— On  the  serpentine  barrens,  one  and  a  half  mile  N.E.  of  UniouTiUe,  ecnindumi 
■uusi'Te  and  crystallized,  also  in  crystals  in  nUitf,  often  in  loose  crystals  covered  with  a  tiiii 
eoating  of  steatite,  spinet  (black),  tolo,  picrollte.  brudte,  green  tourmaline  with  flat  pyranS' 
Idal  teraiiDatioua  in  albito,  MitionO*  (tare)  eupUj/lliU.  mion  fn  hex^onal  ci7ftaU,/4dii>« 
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ttrjfif  bi  heMigonal  oyrtali,  one  of  Th.Ioh  weigbg  Bl  Ibi,,  pjrite  in  crbie  ciyBtals,  cLronilc 
Ixoii,  dnu7  qiuatE,  green  qnartz,  aotmolite,  tmerylitt,  chloritoid,  dlnllsge.  oHgedate;  on 
JohiiBOB  PatterBon'a  farm.  maBsiTe  eorundvm,  titanifeions  iron,  eiinoeMore,  emeryUtt, 
•OmeUmea  colored  green  bj  chrome,  albite,  orthoiiast,  ballojaite,  mai^fiirite,  gamete,  beryl; 
on  J.  Lesley's  farm,  airundum,  erj^tillized  and  in  roaitsive  lumps,  one  of  which  weighed 
5,300  Iba.,  diagpore /  /  emersUtel  euphyUUe  eryataBizedl  green  tourmaline,  tranfiporent 
ccTstala  in  the  eu-phyUite.  orthoclaae ;  two  miles  N.  of  Unionyilla,  mngneOU  in  octahedral 
nrystala;  one  mile  S.  of  UnioiiTills,  JtematUt;  in  Edwaida's  old  limeatoDe  qnoriy,  pnrpla 
Haoiito,  mtila. 

Babt  NuTTTNaHAV. — Band  ehrome,  aibattu.  ehromUe  in  octahedral  (a^stols,  hallite,  beiyl. 

West  Nottinoham. — At  Scott'a  ohioma  mine,  ehTomitt,  foliated  tale,  marmollte,  aeriiea 

tine,  eAaleedony,  rbtMiothTome ;  near  Moro  Phillip's  chrome  mine,  oebfuttia  ;  at  the  magnesia 

qpairj,  dmntyliu,  tnArmolite,  magnasite,  leelite,  seqientine,  Band  chrome;  near  Pramoat 

P.O.,  oomndnm. 

£abt  PlKELAKD. — Iron  ore. 

Wkst  Fikelarh.— In  the  iron  minea  near  Chester  Springs,  gUibiite,  nreon,  tiirgiU,  Amm- 
tUt  (atalactitioal  and  in  geodes],  gothite. 
Pbnk. — Qamets,  agalmatolite. 

Penbsburt. — On  John  Craig's  farm,  brown  gamets,  miea ;  on  3.  Dilworth's  farm,  near 
Faiirille,  miiiomitef  in  hexagonal  prisms  from  one-qnart«r  to  seven  inches  in  diameter;  in 
theTiliageof  FaiTTille,  furMtDiM,'  near  Biinton'a  ford,  on  the  BinndTwine,  elumdrodUe,  tpkmte, 
diopaide.  attgitt,  coccolite ;  at  Ifendenhall'a  old  Umectone  quanj,  /tlid  quartt,  Bnnabone  ;  at 
Bwkin'a  quarry,  erjatale  of  orthoclaae. 
FocorsflH.— On  the  farms  of  John  Entrikin  and  Jos.  B.  Darlington,  amelfrytt. 
SASBBURY.-^BulHi  11  splendid  geniculated  oryatals  are  found  loose  in  the  aoil  for  mtsk 
mile*  along  the  Talley,  and  particularly'  near  the  Tillage  of  Parkesburg,  where  they  Bometimei 
ooour  weighing  one  pound,  doubly  genioulated  and  of  a  deep  red  color ;  neat  Sadabm?  Tillage. 
mneUiytt,  tourmaline,  epidote,  miu:  gTtartt. 

&cnuTi.Kii.i.. — In  the  railroad  tunnel  at  Fr<khttttlle,  dolomite/  someCimea  coated  with 
pyrite,  qoaiti  dTstala.  yellow  blende,  brookite,  eaieiUia  heiagonol  crystals  enclosing  jr^rAe/ 
at  the  WiiEATLKT,  Bbooedale,  and  Chebtbb  ContfTT  lead  uiheb,  one  and  a  half  mile 
S.  of  PhoenixviUe,  pyTom»rpfti(«/  etniaite/  golenite,  angletiU 1 1  qnarfi  crystals,  ohaleopy- 
lite,  bailte,  fiuorite  (white).  MlaLUe,  ^culfenUe!  calamine,  vanadinite,  Nende/  mimetita/ 
deaoloizite,  giithite,  ahr;«ocolla,  native  copper,  molaohite,  aiuriU.  limonite,  ealeiti,  tnipAitr, 
~  pjtite,  melaconite,  pBendomalochite,  geradorSlte,  cdiolcociteT  covellita. 

THOBnBiiKT. — On  Job.  H.  Brinton's  form,  muieovils  oontoiuing  aoiculai  crystals  of  tour' 
Qialine,  rutHe,  titaniferuns  iron. 
TftKDTFFRni  —Pyrite  in  cubio  ciTStala  looan  In  the  soil. 
UWCHLAK. — Hassive  biua  piarli,  grt^hUe. 
Waerbk. — MetanUe,  feldspar. 

Wan  OosnicH  (one  mile  from  West  Cheater).— Chromite. 
WlLLlSTOWN. — Magnetite,  eliromite,  actinolita,  asbeatua. 

West- Town.— On  the  serpentine  rocks,  8  miles  B.  of  West  Cheater,  eUnoe/dora  I  jeftritSUl 
mioa,  asbostua,  actdnolite,  magneoite,  tide,  tltoniferooa  iron,  magnetite  and  mossiTe  tonmui- 

East  WaiTELAKD, — PyrUe,  in  very  perfect  cubic  crystala,  ia  found  on  nearl;  every  farm 
In  this  township,  qnorti  crystals  found  loose  in  the  soiL 

West  Wiiiteland. — At  Oen.  Trimble's  iron  mine  (BOnth-caat),  italaetitie  hamatitti 
vaxdHtel  I  in  radiated  stalactites,  gibbaite,  ctBmleoloctile. 

Wahwicr. — At  the  Bliiabeth  mine  and  Keim's  old  iron  mice  adjoining,  one  mile  N.  of 
Knauertown,  apioms garnet/  in  brilliunt  dodecahedrons,  Jlcw/om',  jtyroxene,  micneeoue  hema- 
tite, pgtite  in  bright  octahedral  cryxtala  in  calcite,  cbrysocoUa,  chalcopyrite  n 


'•  mina,  yellow  blende  in  caldte ;  near  Bloomburg,  cryat.  mafl 

DADPHIH  CO.— NKAIt  HuMUERBTOWir.—Qreen  gamete,  cryat  mnoky  quart*,  feldspar. 

DELAWABB  CO.— Abtok  TowSBrnp.-  Amelhyet,  eomndum,  omerylite,  stAOiolitflj^taw- 
Itff  block  tonimaliue,  marqarlU,  mmtUme,  atbettv,  onthophyUlte,  steatite-  near  'iTaon^ 
■UliSainat,  BtBOroUte;  at  Peler'a  milldamia  tbaoraak,  j^imipsfarnct.  i  n  ii< 
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BlKHiHOHAM. — FibroUU,  keuUn  (abnDduit),  oiTBtals  of  intil«,  amet^j/tt,-  at  Bnllook'a  tU 
qiiBn)>,  circon,  hicAoiate,  nuaiite,  yellow  crystallized  qu&rtz,  fiidtpar, 

Bl.DE  Hill. — Green  qaorti  cryelaia,  Bpinel. 

Ohestkr. — Amahynl,  bUick  tourmaline,  beryl,  eri/»talt  of  ^Adtpar,  garnet,  ajet.  pTiit*, 
wu)ij/bdenit«.  mUybdite,  chaloopyiite,  kaolin,  nroninite,  mtttioriU,  □ithocliiae,  bitanatite. 

CuicnRSTRR. — Near  TrsiDer'e  mill-dftm,  beryl,  tourmaline,  oryataU  o!  feid^par,  kaijin ;  on 
Wm.  Byre's  farm,  tourTontine. 

CONcoKD. — CrytUili  ofrnka,  cryttal*  of  f^dtpar,  kaoUn  abnoduit,  drvty  quartz  of  a  blm 
and  green  color,  miiecschaum,  giellated  trtJiwUle,  some  of  the  ta;s  61  in.  diameter,  aittho 
^lyVite,  fibrulita,  scjcular  oryaUds  of  ruliie.  pyrope  in  quartz,  ame^jvL,  actiuolite,  niiinf<m« 
uan  garuei,  beryt ;  in  Qreen's  creek,  p;yr(iji<^atfief. 

Darby. — Bias  and  s^V  eyaiiilt,  gomet,  Etanrulite,  zoisite,  quartz,  beryl,  chlorite,  mioK, 
limonite. 

EDOKitOIiT. —Ameefiyt,  oiida  of  manganese,  oiystals  olfeMipar  /  one  mile  eaat  of  Ed^ 
nont  Hall,  nilitt  in  quartz. 

Gbben'S  Okbek.— Gurnrt  (so-called  pyrope). 

HavebfobD. — Staarolite  witL  garnet, 

IlAKPLii. — J'aurTTtaitM,  andalimle,  amethyst,  aetinMUe,  anOtojthyUite,  talc.  radiaUd  aelfit^ 
elite  in  talo,  obromite.  druty  quarU.  beryl,  cryst.  pyrite,  mfn/icmiiift  in  quartz,  chlorite. 

MiDDLKTOWN. — AmeUtyai,  bei-yl,  block  mica,  mica  with  rcticulaUMl  magnetite  between  the 
platen,  maiigniuaian  garnettl  large  Lropezobedral  crysials,  someS  in.  in  diameter,  indurated 
taio,  hexagonal  crystals  otruUk,  cryi,ta'*  of  mica,  green  quartz!  aitthopliyUite,  radiated  tour- 
maline, staorolite,  titanic  iron.  fibrolit«.  serpentine;  at  Lenui,  ehttirUe,  gieen  and  t>ronze 
termiciilite !  giem  fddnpor  ;  at  Hiaera]  Hill,  fine  crystals  of  CErrunrfum,  one  of  which  weigbc 
IJ  lb.,  actineiitt  in  great  variety,  hmnzite,  green  feidtipnr,  maoiiitane,  ttiiieU/ne.  grapkie 
granite,  magneeite,  oct'ihedrai  cry»t(il»  of  chiomiie  in  great  quantity,  beiyl,  chalcrMlonj, 
oabestas,  JUnom  hornble'idt,  rntile,  ntaucolite,  melanosiderite,  hallite;  at  Painter's  Fans, 
near  Dismal  Run,  ^reon  wiih  otigoclasa,  tremolite,  tourmaline ;  at  tho  Block  Horse,  Dor 
Uedio,  corondum  ;  at  Hibbard's  Farm  and  at  Falrlamb's  Hill,  chromite  in  brilliant  ootahe- 

Newtowk. — Serpentine,  hematite,  enstatite,  tremolite. 

Upper  YixowozUK'E.^Anthophytiite,  tremolite,  TadUited  atbfMv*,  radiated  actinoUte,  toor. 
maiina,  beryl,  green  feldtpar,  ametJiyat  (one  found  on  Morgan  Hunter's  farm  wcighinfr  orer  J 
lbs.),  andalmite !  (one  terminated  ciyat.al  fonnd  ou  tbe  form  of  Jus.  Worrall  weigbs  7|  Ibfi.); 
at  Blue  Hill,  very  fine  crystalN  of  blue  quartz  in  chlorite,  amianiJtua  in  serpentine,  lircon. 

Low£R  Providknce.— ilme{Ay<(,  green  mica,  garnet,  large  crystals  of  fi>!depar/  (aoms 
over  lOU  Ibe.  in  weight). 

Badkor. — Garnet,  marmolite,  da weylite,  chromite,  asbeBtus,magnesItc,  talc,  blue  qnatta, 
picrolitc^~timonite,  magnetite. 

SpRiNCflELD. — Aiiiialugite,  Unirmniinf,  beryl,  titanioiron,  garnet;  on  Fall's  Laurel  Hill, 
beryl,  garnet;  near  Beottie's  iniU,  staorolite,  apatite;  near  Lewis's  paper-mill,  toannalins, 

TnoRNBiTRT.  — Amethyit. 

n  and  on  the  side  of  t 


LANCASTER  CO.— Drcmohb  Towkbhip.— Qnarti  ciystals, 

Ftri.TON. — At  Wood's  chrome  mine,  dojlt  the  village  of  Texas,  brudte!  I  zamtite  (emerald 
nickel),  pennite/  ripidolite/  kdmrnererite !  bnltimi*rit»,  efiromio  iron,  williomsite,  ehrytoliul 
marmolite,  picroUte,  hydiomagnesite,  dolomite,  magneaite,  nrat/onite,  calcite,  serpentiae, 
hematite,  meuacconite,  genthite,  chrome-garnet,  broniite,  millerito ;  ot  Low's  mine,  hydro' 
mngneeite,  brucite  (lancFuterite),  plerolitf,  mognesito,  teiUianuite,  chromic  iron,  taio.  laratite, 
baltimorite.  aorpectine,  hematite  ;  on  H.  Boice's  form,  one  mile  N.W.  of  (he  villi^,  ^/yritt 
bi  cubes  and  various  modifications,  anthopliglUte ;  neat  Bock  Spnngs,  cJialcedony.  coroetiui, 
*ib»»  agate,  green  tourmaline  in  talc,  titanic  iron,  chromite,  octahedriil  magnetite  in  dilorite; 
M  Reynolds's  old  mine,  colcite,  talo,  picroUte.  cliroimte  ;  at  Carter's  chrome  mine,  brookito. 

Oaf  Mines. — Cholcopyrite,  pgrrhotite  (niccolifcrous),  mUUriie  in  botryoidul  radiations, 
tieianite/  (rare),  actinolite,  aiderite,  hiaingerite,  pyrite. 

PijquEA  TAI.LEY. — Eight  miles  south  of  Lancaster,  argentiferous  galeuite  [said  to  ooDtain 
890  to:)00onnoesof  silvertotheton?),  vanquelinile,  nitilo  at  Pequea  mine  ;  four  miles  N.W. 
of  Lancaster,  on  tbe  Lancaster  and  Earriaburg  Railroad,  ojl/imite,  galcnit«,  blnide  ;  pyriltit 
onbic  orybiala  ia  found  in  great  obundauce  near  the  city  of  Lancaster  ;  at  the  Lancaster  liv 
mnee,  ealamine,  blende,  tennantite  f  nUlhtouite  (pseud,  of  dolomite),  awiahaUilt. 
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LKBAIKXT  CO.— CoBJTWALL.— Jfiifn<!tT'f«,  pgrite  (cobaltifeiont),  clialcop;Tit«,  naihe  cop- 
per, aturite,  malaehitc,  eftrf/ioeotla,  oapritt  (hydrocnprite),  i^npkane,  broehantiit,  aerpentiiia, 
qnorti  pseudomorpbs ;  gaienitt  (with  ootaliedral  cleavage),  llaorite,  ooveUite,  hemaiito  (ml 
oaceoiut),  opat,  ubastoB. 

IiEBIOH  CO  — Friedbnbtille. — At  the  zlno  mines,  lalamiiu,  tmitlaoaite.  fajdraiineile, 
maaaive  blenda,  greenoekite,  QuartE,  allophuie.  zicciferoug  claf,  moantain  leather,  Bragonite, 
aanoonite ;  neai  AUentomi,  magnetite,  pipe-iroo  ore ;  ueoi  Bethlehem,  on  S.  Mooutain, 
allanite.  with  silicon  koA  altered  ephene  in  a  single  iBoIated  maaa  of  i^enitei  mognstlte,  mai^ 
tite,  black  spinel,  tourmaline,  chalcocite. 

HIFFLm  CO.— Strontianite. 


HONTGOMERT  CO.— Conbhohocken. — Fibroiis  tourmaline,  menGccanite,  aventniine 
qnaiti,  pbjllite ;  in  the  qnan;  of  Qeo.  Bullock,  enieiU  in  beiagonol  priamH.  aiagonite. 

LaWEU  PuoviUENCB.- At  the  Peikiomen  lead  ard  ooppei  mines,  near  the  village  «f 
Shannonville,  aiurite,  bleiidt,  gnUnite,  pjromorphite,  oecnssite,  wulfenite.  anglesite,  Imrite, 
cnjamine,  cbaloopjrite,  malachite,  chijaocolla,  bTovm  epar,  cuprite,  covellite  (lare),  mela- 
oonite,  libethenite,  pseadomalocbit^. 

WniTB  Marsii.— At  D.  0.  Hitner's  iron  mine,  five  and  a  hnlf  miles  from  Spring  Mills, 
limonite  in  geodes  and  stolactitcB,  guthite,  pTTolosite,  wad,  lepidocrocite  ;  at  Edj^e  Hill  Street, 
North  Pennsjlvania  Railroad,  titanic  iron,  bruunite,  pjcolnaite ;  O'e  mile  S.W.  of  Hitner's 
iron  mine,  hinonite,  velvet;,  stalactitic,  and  flbroas.  fibres  tbree  inches  long,  turgite.  gOthii:, 
pyroloaite,  Tticet  mangniiege.  wad ;  near  Marble  Hall,  at  Hitner's  marble  quarr;,  white  mar- 
ble, grnnul.ii:  barite,  i«pembling-  marble;  at  Spring  Mills,  limonite,  pjrolusite,  gjtbite  ;  at 
Flat  Kock  Tunnel,  opposite  Manajnnk,  utilliite,  heuUiTntite,  eAa6a»iU,  ilvatte,  berjl,  feldspar, 


NOBTHUMBEBLAND  CO.—Oppoeite  8ei.im*s  Orovb— Calamine. 

N0HTHAMPT0S  CO.— BuanxiLL  Tottubhip.— Crystal  Spring  on  Bine  Monntoin,  giiara 
eryitalt. 

Near  Eastom. — Zircon!  (exbaneted),  nephrite,  coccolite,  tremolite,  pTtoxeoe,  aahlita, 
limonite,  magnetite,  purple  caloite. '  '^ 

WiLLTAMa  TuwNBHrp. — FjroluMte  in  geodes  in  limonite  bed*,  gStbite  (lepidocrodte)  tX 
Olendon. 

PHILADELPHIA  CO.— Frankpord.— Titanite  in  gneiss,  apophjllite;  on  the  PbiladelphI*, 

Trenton  and  Connecting  Railroad,  basanite  *  nt  the  quarries  on  Frankford  Creek,  sljlbite, 
molfbdenite,  hornblende ;  on  the  Connecting  Ilailroad,  wad,  earthy  cobalt ;  at  Cheatnnt  Hill, 
mssnetite.  green  mica,  cbalcopyrite,  Qaorita. 

FAiBMouNT  Watbr  Works. — In  the  qaanies  opposite  Fairmonnt  avtvniu!  torberaiU 
crystals  ol  feldspar,  beryl,  pseudomorphs  after  beryl,  tonrmaline,  albite,  wad,  roenacoamte. 

OoKOAs'  and  Creabb'b  Lane. — Tourmaline,  <^anite,  stanrolite,  hornstone. 

Near  Geruastuwn — Black  lourmaiine,  laumontite,  apatite;  York  Road,  tonrmaline, 
beryl. 

Huston V I  LT.B. — Alnnogen,  ironolnm,  orthoclsse. 

Bbft'b  Mll.l>. — Alunogen,  tourmaline,  cyanite,  titanite, 

Hanavckk, — At  the  soapstona  quarries  above  Monaynnk,  tale,  tUatitt,  chlorite,  vermicn- 
lite.  nnUtaphylUU,  stanrolite,  dolomite,  apatite,  aabestaa.  brown  spar,  opsomlte. 

HcAOAJtGUB'a  Paper-mill.- Stan  roll  te,  titanic  iron,  hyalite,  apatite,  graen  mica,  iron  gar> 
nets  in  great  abondance. 

HcEiknby'b  Quarry,  on  Rittenhouae  Lane. — Feldspar,  apatite,  itiibitt,  natrolite,  hevlait- 
dite.  epidote,  hombleude,  erubeecite,  malachite, 

ScnuvLKiLI.  Falls.— Chabaiite,  titanite,  flnorite,  epidote,  muaoovite,  tonrmnline,  pro- 
chlorite. 

SCHDTLKILL  CO.— Takaqda,  near  Pottbvillb,  in  ooal  mines .—ffaoIi'iii(«. 

VOllK  CO.— Bornite,  ntlle  in  Blender  prisms  in  granular  qnorti,  oa]«it*. 


mWOASTLE  OO.—^^AJHiTynnK  SrKJsae.—Bue!tobiU,  flbroUle  abnndant,  uUite,  pjna 

ene  ;  Bncdynine  Hundred,  rauscovite,  Pndosuig  reticulated  inBgnetit& 

Dixon'a  Feldspar  Qdarrieb,  ai  miles  N.  W.  of  Wilmiiigtoti  (these  qnamea  bava  baea 
watktd  for  the  manafactnre  of  porcelain). — Advlaria.  aibiU,  oUgodtue.  b^yl,  apatUa,  einn*- 
mon-tbme/  /  (both  gronnUr  like  that  from  Gejlon,  and  crfatallimd,  rare),  maf^esite.  ■*t. 
tine,  tubeBtoa,  bla(±  tourmaline  I  (rare),  vuiieiiiite/  (rare),  sphene  in  pyroxene,  CTUiita. 

DUPONT'a  Powder  Mills.— "Hyperethene." 

Babtbdrn'8  Limebtose  QniRiiiKB,  near  the  PennjylyRuia  liae.—TremoUU,  brtmutA. 

QUABRTTVTLLK. — Qnmet,  Bpodumene,  fibroLto. 

Near  Newark,  on  the  niilroad. — Sphsrosidcrite  on  drno;  qnaitj^  jasper  (fecrnKiiKnu  oimI}. 
CTTst.  spathic  iron  in  the  cavltiea  of  oellulac  qnailx. 

Wai's  Quarkt,  ttro  miles  soathof  Cantreville. — Pddnpar  in  due  cleavage  is 
miea,  detcej/UU,  granaUir  gxiarlt. 

WiLMiKaTON. — In  Christiana  quarries,  metdOoidal  diaBagt. 

Ebbmett  Turnpike,  near  Centre Tille.—Cjanite  and  guuet 

HAEFOED  CO.— CeroUte. 


SUSSEX  CO.— Near  Cafk  Hbnlopen  — Tiv ianite. 


MABTXAND. 


Baltiuore  (Jones's  Falls,  If  mile  from  B.)- — Chabazite  (hajdenite),  beolandita  (beaa 
tnontite  of  Levy),  pyrite,  lenticular  carbonate  of  iron,  miea,  ttiUiiie. 

Sixteen  miles  from  Baltimore,  on  the  Gunpowder.  —  Qrajihitt, 

Twenty-three  miles  from  B.,  on  the  Qnnpowder.^7iite. 

Twenty-fiye  miles  from  B.,  on  the  Gunpowder,— ifn^mrtiY^,  tpkmt,  pyonito. 

Thirty  miles  from  B. ,  in  Montgomery  Co.,  an  farm  of  S.  Eliot — Qold  in  quartz. 

Eiffht  to  twenty  milps  north  of  B.,  in  limestone. — IremoUt*,  augiU,  pyrite,  brown  and  jd 
low  tourmaline. 

Fifteen  mileo  north  of  B, — Sk]/-Mue  chalcedony  in  grannlar  limestone. 

Eig-hteen  milaK  north  of  B. ,  at  Scott's  mills. — MagneCitt,  cyonite. 

Bare  Hills. — C'/iremiU.  tubfttvt,  tremoUte,  tale,  bornblende,  terpentine,  chaloedo^y, 
tneerschaDm,  boltimorite,  iJialeopj/ritt,  magnetite. 

Cafe  Babi.e,  near  Mogoth;  B. — Amber,  pyrite,  alum  slate. 

Carroll  Co.— Neir  Sykeaville,  Liberty  Mines,  gold,  magnetite,  pyriU  ipetahrdnm»),  dul- 
etpgnU,  lionnite  (cBirollite} ;  at  Fatapsco  Mines,  near  Fin&buig.  boinite,  malirekite,  ai^ea- 
ite,  UnnniU,  rendu gtoiiite,  magnetite,  clialcopyrUe  ;  at  Mineral  Hill  mine,  bondtt,  ch&lct^ij- 
fite,  ore  of  niehd  (see  above),  gold,  mngnetite. 

Cecil  Co.,  north  part. — Chromite  in  serpentine. 

CooFTOWM,  Harfoid  Co. — Olive  colored  toarmaiiM,  ^aBage,  tale  of  green,  bias,  and  roa* 
eolora,  lignifoi-m  atbettas,  c/iTomite,  nerjientine. 

Drbb  CnifEK. — Magnetite/  in  rhlorite  slate. 

PBBDEtlICK  Co. — Old  Liberty  mine,  neai  Liberiy  Town,  blook  copper,  malachite,  cbaloo- 
Me,  specolar  iron ;  at  Qollybyde  mine,  btfrntie,  chuloopydte,  pyrite,  aigentiferonagalaiitteu 
dolomite. 

MosTOOMEHT  Co.^Oxide  ofm^nganete. 

RouBRBET  and  Worcester  Cos.  ,  nortli  port. — Dog-ii-on  9rt,  titianitt. 

St.  Mart's  IliTEn. — Qyptvm  I  in  day. 

PrLBBVILLK,  HarfoTd  Co.— Asbestus  mine. 

VIBOIKJA  ASB  MSTEICT  OP  COLOHBIA. 

iLBKUAttt.K  Co.,  a  little  west  of  the  (.iTe^n'HHt.—Steatile,  grtiphUe,  galeniCa. 
AmtSRST  Go.,  olon^  tbe  west  base  at  BoSalo  ridge. — Copper  mra,  ajlanite.  eta 
AUODRA  Co.— At  Weyer's  (or  Weil's)  cave,   sixteen  mile*  nonheasc  of  Staunton,  tM 
ri^tj-ona  miles  nortbweot  of  Bichmond,  oalotte,  KalaoUtM. 
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BUOKOIRHAX  Oo. — Oold  at  Ounett  and  Hoael^  tnlnca,  also,  pyiite,  pynhotlte,  caloite, 
^met ;  nt  Bldridge  mine  (now  Loodon  and  Vii^iniA  minss)  near  by,  and  the  BDckingham 
mines  nsar  HajETiUe,  gold,  aariferDua  pTrite,  ohaloopTiita,  tentuuitite,  darite  ;  oganiU,  tcur- 
maUn*,  aetinoltU. 

CBKSTSRPtBi'D  Co. — Near  thia  and  Bicbmond  Co.   bitmninoaa  coal,  native  ooke. 

Cdlpefper  Co,,  on  &apidan  rirer. — Gold,  pyrite. 

Franklin  Co.— GtayiBh  steatite. 

FADqoiER  Co.,  Burnett's  nulls. — Asbestna,  p>ld  mines,  barlU,  ealeiU. 

FLTjyANHA  Co.-^old  at  Stoclcton'a  mine  ;  also  tetradymite  at  "  Tellminm  mlns." 

Puknit  Copper  mines. — Chaloopp-iU^  eto. 

QKORQETomi,  D.  C— Bntile. 

Goochland  Co.— Gold  mines  (Hose  and  Biubj'a). 

Babpes's  Fkurt,  on  both  aides  of  the  Fotomoo. — Thnringite  (owenite)  with  qnoTti. 

Jepfersoh  Co.,  at  SbepherdBtown.  —Finer. 

Kbkavh.i  Co. — At  Kenawha,  pd,ToUuin,  brine  springs,  oannel  ooal. 

Loudon  Co, — Tubular  quartz,  iratt,  pyntt,  tale,  MtmU,  toapttona,  aabeatns,  diromiU, 
aetinoiitt,  quarti  eryttaU  ;  mieaetovM  iron,  bomite,  maJaohtte,  epidirte,  n»ar  Leesbme  (Poto- 

LouiSA  Co — Wallon  gold  mina,  gtAA,  prrite,  ahalDepTrite,  argentiferooe  galenite,  aiderite, 
blende,  aoglesite  :  bonlsngerita,  blende  (at  Tinder's  mine). 

Nelson  Co. — Galenite,  ohaloopyrite,  malachite. 

Oraitok  Co. — Western  part.  Blue  Bidge,  npeciilai  iron;  gold  at  the  Orange  Grove  and 
TanoluBe  gold  mines,  worked  bj  the  "  Freehold"  and  "  Liberty"  Uining  Companies. 

BocEBKiDOB  Co.,  tliree  miles  aouthveet  of  Lexington. — Baiite. 

SaBHANooAH  Co.,  near  Woodstock. — Fluoiite. 

Mt.  Alto.  Bine  Bidga. — AririllaoeonB  iron  ore. 

8F0TrsYLVAN[A  CO.,  two  miles  northeast  ol  Cliancellorvil1e.~~^iinif« y  gold  mines  at  tha 
huiolioa  of  the  Bappahannock  andRapidnn;  on  Che  Bappahannook  (Manhtdl  mine);  White- 
ball  mine,  affording  also  tetTadjmite. 

Stafford  Co.  ,  eight  or  ten  mUee  from  Falmouth— Uieooeons  iron,  gold,  t«trad7mite,  sil- 
Ter,  galenite,  vlviauite. 

Wabqikoton  Co.,  eighteeD  miles  from  Abington. — Roek  lalt  with  gypsum. 

WvTIiB  Co.  (Austin's  mines).- (7<m«»i(^  minium,  piumMo  ocAre,  blende,  eaiamint,  galaiUt, 
gtaphite. 

On  Lhe  Potomac,  twentf-flve  mfles  north  of  Washington  city Natht  tvlpAvr  In  gi^ 

Mmpaot  limestone. 

NOBTH  CAEOLINA. 

Asub  Co. — Malaoblte,  choleoprrite. 

BuNCOUBB  Co.,  (now  oalled  Maditoit  0>).— Conmdnin  (from  a  boulder),  margariU,  conm- 
dophUite,  garnet,  chromite,  ttaxitiO,  flitorite,  mtile,  iion  ores,  manganese,  tireon;  at  Swan- 
nanoa  Gap,  cytmite. 

BnRXB  Co.— Gold,  monadte,  eiroon,  beryl,  wrvndum,  gamtt,  spbene,  grapJiiti,  iion  ores, 
tetradymite,  montanito. 

Cadaiirus  Co. — Phenix  MLne,  gold,  barite.  ehaieojiyrite,  anriferous  pyrite,  qnorti,  peendo- 
raorph  after  barite.  tetradymite,  montanite  ;  Pioneer  mines,  yoW,  limonite,  pyrolusite,  fiiTn- 
hardita.  wvlfrtim.  leha^e,  onprotungBtite,  tungatite,  diamond,  □htysocolla,  chslcocite,  molyb- 
denite, ehalc^pyrite,  pyrite  ;  White  mine,  needle  ore,  t^oopyrite.  barite ;  Long  and  Huse'a 
mine,  argentiferona  galenite,  pyrite,  chaloopyrite,  limonite ;  Boger  mine,  tetradymite ;  Fink 
mine,  valuable  copper  ores ;  Mt,  Makins,  tetiohodrite,  magnetite,  tola,  blende,  pyrite,  proof 
tite,  galenite  ;  Bimgle  mine,  echeelita. 

Caldwell  Co.— Chromite, 

CllATnAM  Co, — Mineral  ooal,  pyrite,  chloritoid. 

Cherokrk  Co.— Iron  orea,  gold,  galenite,  comndum.  mtile,  t^anite,  damonlte. 

Cleveland  Co.— White  Plaiua,  gwerle,  CTystobi,  moky  qvarU,  toarmaline,  rutUe  in  quarta. 

CliAY  Co.— At  the  Cnllakenee  Mine  and  ebewtiere,  oorandum  (pink),  loisitfi,  tourmaline, 
morgarite,  willcozite,  dudleyite. 

Datidbon  Co —King's,  now  Waahin^n  miae,  native,  diver,  ceruaaite,angle8ite,Bcheelitc, 
ITiomoiphite,  galenite,  blende,  malachite,  black  copper.  wiveOile,  garnet,  itilbit^  ;  flvo  miles 
trom  Washington  mine,  on  Faust's  farm,  gold,  tetradymite,  oxfde  of  bismuth  and  tellnriam, 
montanite,  chaloopyrite,  limonite.  spathio  iron,  epidote;  near  Squire  Ward's,  gold  In  cry*- 
tals,  electrum, 

Franklin  Co,  — A',  Partiw  mine,  diamonda. 

Gavton  Co.— Iron  (ova,  aomndam,  matgKite;   new  Crowdar'a  Honntoin  (b  what  «M 
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tonnedr  Idnooln  Co.),  (uuftV^  egmiite.  garnet,  giapbite ;  also  twenty  milei  uorthettat,  new 
■onlh  end  of  Olnbb's  Via.,  UialiCe,  cronite,  talc,  ratile,  topaz,  psropkj/iiitt ;  King's  MtniE- 
tain  (oi  BriggH)  Mine,  native  teUnrinia,  nJtaite,  tedTadymlte.  montonite, 

QniLFORD  Co.— McCulloch  oopper  and  gold  mine,  twelve  miles  from  Gceensboro*,  ff-^ 
pyrtfa,  ehaleopytite  {worked  for  copper),  qwirtt,  ridarito.  The  North  Carolina  Copper  Co.  an 
WOtUng'  the  copper  ore  at  the  old  Fentress  mine ;  at  Deep  Bivsr,  oompact  pjpnphj/UkU 
(worked  for  slate-pencilg). 

HaTWOoD  Co.— Corundnm,  mar^arite,  damonrite. 

HcHDKBSOii  Co. — Zirton,  aphena  (xanthitane). 

JACK80H  Go. — Alanog«n?  at  Smoky  Mt.;  at  Webster,  ierpentiae,  chromite,  genthite. 
ArytUitt,  talc;  Hog-batt  Mt.,  pink  corundum,  marg^arite,  toarmalioe. 

LlNCXlLN  Co. — Diamond  ;  at  Bandleman'a,  ameUtytt,  rose  qnartz. 

Hacon  Co.~Franklin,  CatBag«a  Mine,  eorundvm,  ipinel,  diaapoie,  toormalioe,  dsin<niiite, 
prDohlotite,  oalRugeeite,  kerrite,  maoonitie. 

McDowell  Co.—Brookita,  monazite,  oomn^.am  in  imall  crjstoli  red  and  white,  tirvou. 
faniet,  beryl,  aphene,  xenotime,  lutile,  elutio  luuidatone,  iron  ores,  pyromelane,  tBtndj- 
mite,  moutanite. 

Madison  Co. — SO  milea  from  Aaherille.  oomndnm,  marg^arite,  chlorite. 

Mecklkhbdro  Co. — Near  Charlotte  (Rhea  and  Catbay  mines)  and  elsewbcre,  dhnleopiriSt, 
gold;  oholootrichite  at  MoGinn'B  mine;  bamhardtite  near  Charlotte;  pyrophjllite  in  Cot- 
ton BtODe  HouDtain,  diamond;  Flowe  mine,  «cheelite,  wolframite  ;  Todd'e  Branch,  momt- 
tiu. 

MiTCseiiL  Co.— Sairumildte,  pyrochlore (F),  euxenite,  colnmbite,  m'lieotite. 

MoNTOOMERY  CO.— Steele's  mine,  ripidolite,  albite. 

Moore  Co. — Carbooton,  compact  pyropbjllite. 

ItoWAN  Co, — Qold  Hill  Mines,  thirtj-elght  miles  northeast  of  Charlotte,  and  fonrteen 
from  Snlisbuxy,  gold,  aoriferooa  pTiite  ;  t«ii  miles  from  Salisbuty.  feUbpar  in  ctystais,  M- 
mutMnite. 

EA^■DOLPH  Co.— Pyrophyllita. 

RnTDBBFORD  Co.  — GoM,  grnphiU.  bisrantbio  gold,  diamond,  enclase,  jamrtomoTjAr'n 
fuartiT,  chalcedony,  corundnm  in  small  cryatuls,  ipidote.  jij/rape.  brookite,  zircon,  monaiiu, 
mtberfordite,   samarskite,   gwiTta  ergttaU,  itacolumyte ;    on   the   road   to   Cooper's   Gap, 

STOKBa  AND  Stirry  Cob. — Iron  ores,  graphite. 

Dmion  Co. — Lemmond  gold  mine,  eighteen  miles  from  Concord  (at  fitewart's  and  Moore'^ 
mine),  gold,  qaartz,  blende,  orgentiferoaH  galenite  (containing  ZO'4  oi.  of  gold  and  86 '5  oa. 
of  silver  to  the  ton.  Qentb),  pyrite,  some  chalcopyrite, 

Tahcbt  Co._-/n>n  ora,  nmianthns,  ehromiU,  g^amet  (spestartite),  samarskite. 

SOUTH   CAEOLINA. 
Abbktillr. — DTaT.— Onkland  Gruve,  g<M  (Dom  mine),  gilenite,  pyromoiphite,  ftmethyi^ 

Anderbo:(  Dist. — At  Fendlut«n,  aetinoUte,  galenite,  kaolin,  tourmaline. 

CH  A  Rl:  BfiTON, — Selenite . 

GnEiiwnii  VAi.T.sr. — Qalenite,  tonrmaline.  gold. 

CnKBTERPiELDDiST.— Gold  (Brewcr's  mine),  tale,  cblorite,  pyrophyllite,  pyrite,  latin 
Usmuth,  carbonate  of  bismuth,  red  and  yellow  ochre,  whetstone,  enaigite. 

DAiii.iNaTOH.— Kaolin. 

Edoepield  Dist. — Psilomelsne. 

Greentili.g  Dist.— Qui  en  ite,  pyroraoiphiw,  kaolin,  ohaloedony  in  bnhrstone,  hvj], 
plumbago,  epidote,  tavrmnline, 

Ebrshaw  Dist. — RiilSe. 

LATfCASTKR  DrsT.— Qold  (Hale's  mine),  talo.  chlorite,  cjanite,  ela^tio  sandstone,  pjrH*; 
gold  also  at  Blackmnn's  mine,  Massey's  mine,  Biell's  mine. 

Lacrkn::!  DrsT.^Comndvim.  damourite. 

Newberry  Dist. — Ijendhillitc. 

Picken'b  Dist.  —Gold,  mnnganeae  ores,  kaolin. 

Richland  Dist.  — Chisstolite.  aovaoulite. 

SrARTAHRORO  DiST. — iWn.^fd'M,  chalcedoBy,  ft-mn'ife;  BttlieCowpenB,11monito,jrrqpUi 
Itmcstone,  coppema  ;  Hoi^n  mine,  leadhillite,  pyromotphite,  cemBslto. 

Sumter  Dist.— Agate. 

Umon  Divr. — Fairfoiest  gold  mines,  pyrite,  chaloopyrite. 

ToKK  DiBT— l.intestooea,  whetstones,  witherit^  borite,  tetndTmito.    -.  , 
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GEOBaiA. 


BOItKZ  AKS  SCBIVEH  COS.— HTalit^ 

Cherokee  Co. — At  CaatoD  Mloe,  chalcop^rite,  galenlts,  olansthmlite,  pliimboninitiiltet 
Bitohoo^te,  arunopgritt,  lanthaaite,  harriiu*,  eantonUe,  pjiomorphite,  autamolite,  nan, 
•tsuiolite,  ryonita  ;  at  Bsll-Grouiid.  apodnmene. 

Clakx  Co.,  Dear  ClarkaviUe. — Qold,  xenotimt,  uioou,   mtile,  uj^anite,  hematile,  Kumet, 

Dade  Oo. — Halloyaite,  n«ar  Bidn^  Fawn. 

Fannin  Co. — SlauroliU/  ohaloopyrite. 

H&HKRSDAU  Co.  — Geld, pjiUie,  eiiBioopjreH^, gaieniU,  hoiahlenie,  garnet,  quartz,  kaolinite, 
•oapBtooe,  chlorite,  rutile,  iron  oiea,  toannaline,  stannjlite,  liroon. 

Hall  Co. — Gvlil,  qnarti,  kaoUn,  diamond. 

Hancock  Co. — Agate,  clialcedQn;. 

Hbabd  Co. —MolybdUe,  quarts. 

LiNCOi.H  Co. — LaaulUe!!  rtiiS-el !  hematite,  ayanite,  menaooonita,  pyropAi/SiU,  gold, 
Itkoolumfte  rock. 

Lowna  Co. — Corondnm. 

LtJUPKtH  Co. — At  Field's  ^d  mine,  near  Dahlon^a,  gUd,  liilra^/miU,  {QTrhotite,  ohloritQ, 
menaociuiite.  ollauite,  apntite. 

H.iuuN  Co.— Gold,  ehaJcopyHU. 

Bpauldiko  Co.— Tetrad jmit«. 

WAsmNOTON  Co.,  near  Samidersvilla.  —  WavtBiU,  JSre  apai. 

ALABABU. 

Bibb  Co.,  Centravilla. — Iron  ortt,  marble,  barite,  coal,  cobalt. 

T0BCALOO3A  Co. — CiMd,  galenite,  PTrite,  virianite,  limonite,  oaldte,  dolomite,  CTauIfa^ 
■teatite,  qnartz  oiyatola,  maogancse  ores. 

Benton  Oo. — Antimotiial  lead  ore  (boalaDf^iita  ?) 

TaIiLAPOOSA  Co.,  at  Dndlejville. — Gonitidum,  Efpinel,  tommaline. 


AHDBRaoN  Co.— Galen Ite.  barite. 

Clinton  Co.— Geodea  of  qnartz. 

Cbittbndrn  Co. — Galenite,  flaorite,  oaloite. 

C0UBEHLAND  Oo. — At  mammoth  Oive,  gyptum  rosettal  oaldle,  atalaotitea,  nitre,  ep- 

Fayettb  Co.— Six  milea  N.E.  of  Lexington,  g^cnite,  barite,  witberite,  blaade. 
LiviNOBTOHB  Co.,  nearthelinaof  UnionOo,— Qalenite,  ohaloopyrite,  l^jfe  veinof  flaarit& 
Hebcer  Co. — At  MoAIee,  fiuoritt,  pyrUa,  oaloite,  barite.  celeatita. 
Owen  Co.—Oolenite,  barite. 


Bbdwh's  Crbbk.— Galenite.  blende,  baiite.  celeatite. 

Cautrr'b  Co.,  foot  of  Roan  VLt.—SiMUe,  magnetJte. 

Claiuobnb  Co.— CiOnmiM,  galenite,  amithsonite,  chlorite,  etaatlte,  magnetite. 

COCKB  Co.,  near  Bmah  Cieek. — Cacoxone?  kraniite,  iron  ainter,  BtDpnoaiderita,  brown 
hematite. 

Davidbon  Co. — Selenita,  withgranolar  and  anowy  ji.jwujn,  or  alabaster,  orystaliiied  and 
compact  anltydrilt,  finoriU  in  cij'atala?  eakiU  in  crTataLi.  Near  NaabviUe,  blae  edatitt, 
[crystal]  i  led,  Qlirous,  and  nidiated),  with  barite  in  limeatoBe.  HaTabom',  galemite,  blesdo, 
with  barite  aa  the  gangue  of  the  ore. 

DiCKBON  Ca — UaugBJiite. 
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jKrwEKton  Co. — CUwnuM,  gmlenite,  fetid  baitte. 

Knox  Co-^MaKnesloa  lmieBtOD«,  rtaHve  iron,  vmegafed  marblti/ 

Hauby  Co. — Wavellite  in  limeitoiie. 

MoitOAK  Co. — EpBom  ult,  nitrate  of  lime.  * 

Polk  Co.,  Ducktown  mioeft.  aontheut  ooner  of  State. — MelBOOnite,  ohakopTTito,  pjift*, 
native  copper,  bomite,  rutile,  zoiiite,  galenite,  harritite,  alisonite,  blende,  pyroaene,  trmuUU, 
ttt^ftti  ofcoppT  ani  iron  in  stalactites,  allophane,  ralitite,  ohaloooite  (docktovraite),  ohal- 
ooteichite,  ozuribe,  nuJacliite,  pj/rrholUe,  lirooiiite. 

EOAN  Co.,  eastern  declivity  of  Cumberland  Mta. — WsTellite  in  limestone. 

Setiek  Co.,  in  oaveniB.^-BpBOm  salt,  soda  nlam,  aallpetre,  nitiato  of  lime,  breoeia  martU, 

Smttb  Co.— Flnorite. 

BUOKT  Ht.,  on  decIlTitj. — Hornblende,  ganiet,  etitnrolite. 

Whitb  Co.— JK(m. 


BAHIBRroGE  [Copperai  Mb,  B  few  milei  east  of  B.].— Calcite,  badtw,  pyrite.  ooppoMi, 

Oampibld.— GjTaum/ 

DcGK  CrivEK,  Monroe  Ca— Petroleum. 

Lake  EitiE.^ — Strontian  leland,  eeletliUf  Put-in  Bay  Island,  ee/eititt/  tulp/airf  colciteL 

L I  veiUMOL.  ^Petroleum. 

Marietta.— Argi11aoe«tM  iioa  ore ;  iron  ore  abundant  also  in  Soioto  and  Lawrence  Cm. 

Ottawa  Co. — Qfpsum. 

Poi.Ain>. — Oypnan  I 

MICHIGAN. 

Bhebt  (Monroe  GoX—CaJeite,  ametbyBtine  qoaiti.  apatite,  oeleetite. 

Qramd  Kafidb. — SeleniU,  fib.  and  g^annlar  fcy pBum,  ealcitf,  do'.omite,  anhydriu. 

•Lake  Superior  Mining  Region,  ^The  tonr  prinoipa!  cegiona  are  Keweenaw  Point,  lale 
no]^lG,  tbe  Ontonagon,  and  Portage  Lake.  The  mines  of  Keweenaw  Point  are  along  tiro 
ranges  of  elevation,  one  known  aa  tbe  Oreenskine  Itonge,  and  the  other  as  tlie  Southern  or 
Bohemian  Range  (Whitney).  The  copper  occurs  in  tbe  trap  or  amygdaloid,  and  in  the  aaso- 
ciaced  conglomerate.  Native  copper  !  luititt  tilver  /  chalcopyrite,  horn  silver,  tetrahedrite. 
manganese  ores,  epidote,  prehnite,  Inumonlitt,  dittoOte,  hanlondite,  orthoclase,  ana'dte,  cha- 
bazite,  compact  datolite.  cbrysocolla,  maotypt  (Copper  Falls  mine),  leonJuirttitc {ib.),  anaidU 
(ib.),  apopkyltitf  (at  Cliff  mine),  wolliulonils  (ib. ),  calcite.  quartz  (In  crystals  at  HiniiMota 
mine),  compact  datolite,  orthoclase  (Superior  mine),  snponite,  melooonite  (near  Copper  Har- 
bor, bat  exhausted),  chiysooolla  ;  on  Chocolate  River,  galenite  and  solphide  of  copper ;  chal- 
eopyriM  and  native  copper  at  Presq'  Iste  -,  at  Alhion  mine,  dnmej/idla  ;  at  Prince  Vein,  bariU, 
talcite.  nmtthytt;  at  Uich>t>i'^.otea  Ida.,  copper  nickel,  atilbite,  analcite  ;  at  Albany  and  Boe- 
ton  mine,  Port.ige  Lake,  preltniCr,  analcitt,  orthoefiite,  cuprite ;  at  Sheldon  location,  donxjr- 
kUe,  ukUneyiU,  a'godonite  ;  IsloRoyale  mine,  Portn^  Lake,  compact  datolite ;  Cjainoy  mine, 
oalcitc,  oompaci  datolite.  At  the  Sparr  Mountain  Iron  mine  (m^netite),  chlorite  paendo- 
morpb  after  garnet. 

MAiiquETTB. — Manganite.  golenite ;  twelve  miles  west  at  Jaoksoa  Mt. ,  and  other  minea, 
hfmatiit,  timoniU,  githile  I  magnetite,  jasper. 

MosROR.^Aragonite,  apatite, 

FoiKT  Acx  Peaqx  (Monroe  Co.). — AmeOkyiti-M  quartt,  apatUa,  oeleatite,  eateUt. 

BaGIHAW  BAr. — At  Alabaster,  gyptum. 

Stonv  Point  (Monroe  Co.).— Apatite,  amethystine  qtuiTti,  oeleatite,  caldte. 

ILLINOta. 

OALLATUf  Co.,  on  A  branch  of  Qrand  Pierre  Greek,  sixteeu  to  thlrlTmiles  from  Shawnee- 
town,  down  the  OMo,  and  from  half  to  eight  miles  from  this  river. —  VioM  fiiMritt  I  in  oar 
boniferooa  Kmeatone,  barite,  galenitt,  blende,  brown  iron  ore. 

Hancock  Co. — AtWaraaw,  quartzgeodal  containing  ealeiU/  eheUeedany,  dolomitt,  Mvndli' 
btcwn  spar,  pyrite,  aragonite,  gypsum,  bittunen. 
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Haxdut  Co.— Keai  Romclue.  caleile,  galenitm,  blende ;  five  mile*  book  f  lom  EHMbath 
ttnm,  bog-iron ;  ana  mils  north  of  the  river,  between  Blizabethtown  and  Boaioloie,  nJtnL 

Jo  DAVltu  Co.— At  Galena,  gnUnite,  cnldM,  pyriU.  blende ;  at  Uandon'a  dlgguiea,  gtUan- 
iU  /  blendt,  eerusiitt,  maroaaite  in  italactitia  lonna,  pyrite. 

JouET.  — Marble, 

QantCX.—  Caleitt/  pyrito. 

BCAI.KH  MotiHD. — BitriU,  pyrite. 

INDIANA. 

LntEnONK  Catbknb  ;  Corydon  C*vea,  etc— i^MMn  talt. 

In  moat  of  the  aoathtrest  oountieBk  Pffril*.  iron  tuijAaU,  and  flathtf  alum;  on  Sngai 
Creek,  pyrice  and  tron  tidphatt;  in  aaadatona  of  Lloyd  Co.,  near  Ute  Ohio,  ^ypncn/  at  tlu 
top  of  tbe  blue  limestone  formation,  brown  tpar.  ealeUe. 

IiAWBEKGB  Co.— Spice  TaUe,  kAoUnite  (=iadiatialte). 

MQIHESOTA. 

North  Shobb  of  L.  Sdpkriob)  range  of  hills  rtumint;  ueorly  northeast  and  oouthwes^ 
extending  (roro  Fond  dn  Lao  Snperieura  to  the  EamaniBtiqneia  lUver  in  Upper  Caaada). — 
Sool^U,  apopIiylUte,  pra/iniU,  ttiiiiite,  Uiuaioniite,  litulandile,  harmotaim,  tbomM)Dite.  fitioriUj 
baritt,  tourmaUiie,  epi^U,  hornblende,  caloite,  qaarta  oiyBtftle.  pjrlto,  magnetite,  stea- 
tite, blende,  black  oxyd  of  oopper,  malachite,  native  copper,  ohiUcopycite,  smethyatiaa 
qnarti,  f erniginoiu  qnartx,  diiUeedony,  carn^ian,  ngiUe,  dnuy  qnarti,  hyalite?  fibious  quarti, 
jasper,  pnae  (in  thedebds  of  the  lake  shore),  dogtooth,  epar,  aogite.  native  Bilver,spodQmeDer 
□hlorite;  between  Pigeon  Point  and  Foud  du  Lac,  near  Baptism  Eiver,  saponite  (tbolite)  in 
nniygdaloid. 

Kettle  Biv&r  T»af  Banob. — Epidote,  nail-head  caloite,  amethyatine  quartz,  oaloite, 
nndetermi'ied  zeolites,  saponite. 

Stillwatkk.  — Blende. 

Palls  og  tub  St.  Cboix. — Malachite,  native  copper,  epidote,  nail-head  gpac. 

Baqii  Lakb. — Aotinolite,  treuolite,  flbroiu  boniblende,  ganet,  pyrite,  magnetite,  atettil^ 

WISOONSEN, 

Bia  Bull  Falli  (near). — Bog  iion. 

Bldb  Houndb. — Cerunite. 

Hazlb  Greek.— Caloite. 

Lac  Dc  Flaubkau  B.^4amet,  oyanite. 

Lbft  Hand  B.  {near  small  tributary). — Malachite,  ohaloodte,  Datire  ooppei,  red  ooppei 
ore,  earthy  malachite,  epidote,  chlorit«  T  qaortz  ciyatola. 

LTSDEH.—Gaimite,  tmit/uoniU,  bj/drasindtt. 

Hinbral  PoiKT  and  vicinity. — Copper  and  lead  orea.  chrysocolla,  iMunf^/  chalcopyrite. 
[calachite,  gateaiu,  cenualte,  angleaJte,  blende,  pgrite,  barite,  calaU,  mareatite,  tmiUaoniu) 
[sc»-C)Jled  "dry-bone"). 

MoiTTBBAL  ElTBB  PoRTAQB.  — Qalonite  in  gneiasoid  granite. 

Sank  Co.^'Hematite,  malaobite.  ohalcopyrite. 

SnuLLBBUBQ. — Oaienita/  blende,  pyrita  ;  at  Bmmet'a  diggii^,  ir<ii«n»(«  and  pyrite. 

IOWA. 

Dd  Buqdb  Lbad  MiKisB.  >Dd  elaewhere. — Qaleaiu!  Baldti,  bltnda,  black  oxide  of  num- 
ganne ;  at  Swing's  and  Sbetard'a  diggings,  tmitlitmiUe.  oalamine ;  at  Dea  Hoinea.  quarto 
eiyttalii,  lelemte  ;  Makoqaeta  B.,  brmcn  irvn  art ;  near  Dnrango.  galenite. 

Obdah  Biver;  b  branch  of  the  DesHoinea—^i^iiit^  in  crystals,  in  the  bituininona  shale 
of  the  cool  meoanrea;  also  elsewhere  on  tbe  DesMoinea,  gypenm  abondont;  atgillaoeotu 
iron  ore,  apatbio  iron ;  copperai  in  crystals  on  the  Das  Hoinea,  above  Uia  MoaUt  of  B«ap 
tnd  eUewhere,  pyrite.  blende. 

Fort  Di}aajt..~Gat«tit». 

MAKO<in  KTA — Hematite. 

Nsw  Qalbna.— Uctahednl  nlenlte,  aaglMte 

Dig,l,z.cbyG0Oglc 


UISSOUBI. 

BisxraoHAM. —Limonltfl. 

Oradbt. — Spkalfrits,  gaienite.  calamiiie,  gTsenoakite.  u  a  ooBting  on  BphEtleriba. 

Jkffei(»on  Co..  at  Talle'g  di^iogB. — SaUniU,  eenuiite,  uigleaite,  caUuniDe,  c^ialootiy 
dte  inBlauhite,  aznrite,  witherite. 

MiNB  &  BcRTON. —  OrUenits,  etmimta,  angUnU.  baHl»,  caloite. 

DEEr  DlOOINOB. — HtUftohite,  eeruttiU  in  ciTstiila  and  mangansse  oie. 

Madibon  Co. — Wolframite. 

Mine  La  Motte.  —  Oataaita/  malacliite,  earihy  eaball  and  nieliel,  hog  monganeae,  salph- 
fde  of  iron  and  nickel,  etrattiU,  cnledonite,  plambognmmite,  waUcamlte,  tiegeniti,  emaltit«, 
•lagooite. 

St.  Louts. — MSleritt,  caloite,  dolomite,  eaithy  barlt«,  fluotJte. 

Bt.  FBAWcrsRivBK— Wolframite. 

Pbsri'b  DittoiNQB,  and  elsewhere. — Oalenite,  eto. 

Forty  mllea  west  of  the  Hisaieaippi  and  ninety  aouth  of  St.  Loaia,  the'  iron  jnoimbun^ 
■peonlai  iion,  limonite ;  10  m.  east  of  Iionton,  wolframite,  tungBtite. 

ARKANSAS. 

Batestille. — In  bed  of  While  K.,  some  miles  above  BateeviUe,  gold. 

OSKEN  Co. — Near  Osinesvillo,  lignite. 

Hot  SPRiNas  Co. — At  Hot  Springs,  vaveUite,  thnringite ;  Hitgnet  Cove,  hrookite/  tdtar* 
ImaiU.  eUenlil/,  magnetite,  quartz,  green  cocculite,  ({aniet.  apatite,  perofildU  (hydrotitaiute), 
mtile,  ripidolite.  thonuioDite  (ozarkite),  micnicline,  legiiite. 

Imdbpbsdknce  Co, — Lafferay  Ccei*,  psilomelane. 

Lawrbncis  Co.— nappe,  Bath,  and  Eoch  niiaes,  amithtoniU,  dolomite,  galenite  ;  niti«. 

Haiiion  Co. — Wood's  mine,  Bmithsonito,  bydroziacite  (morionite),  galenite ;  Poke  bsj^M, 
brauitilet 

OtiAcniTA  Sprisos. — Quarttf  whetstones. 

Pci<ABKi  Co.— Kellogg  mine,  10  m.  north  of  Little  Bock,  tetTohedrite,  UnnarUltet  nacrite 
golanlte,  blende,  quartz, 

CALIFORNIA. 

The  piinoipal  gold  minei  of  California  ore  in  Tnlare,  Fresno,  HaripoH.i,  Tnolumne,  C*Ib- 
m-aa,  Et  Dorado.  Placer.  Nevada,  Taba,  Sieira.  Butte,  Plumas,  3ba«t»,  Siakiyon.  and  Del 
Norte  oountii»i,  alcbough  gold  is  found  in  almost  every  count;  of  the  Stats.  The  gold  occar« 
in  quartz,  associated  with  snlphidea  of  iron,  copper,  xino,  and  lead  ;  in  Colaveraa  and  Tuo- 
lomne  counties,  at  the  Melloues,  Stanislaus,  Gi>lden  Rale,  and  Rawhide  minea,  OKociated 
with  telluridos  of  Rrold  and  ailvec  ;  it  is  also  largely  obtained  from  placer  diggings,  and  further 
it  is  foand  in  beach  washings  in  Del  Norte  and  Klamath  coonties. 

The  copper  minet  are  principally  at  or  near  Copperopolis,  in  Calveraa  oonnty ;  near  Oeneaee 
Valley,  in  Flumoa  county;  near  Low  Divide,  in  Del  Kocte  oonnty;  on  the  north  fork  of 
Smith's  River  ;  at  Soladad,  in  Los  Anpeles  county. 

The  inereury  Ininef  ore  at  or  near  New  Almadcn  and  North  Almoden,  in  Santa  Clara  county; 
at  New  Idria  and  San  Carlos,  Monterey  county ;  in  Son  Lnis  Obispo  oounty ;  at  Pioneer 
mine,  and  other  localities  in  Lake  county ;  in  ^ianta  Barbara  county. 

Ali'ine  Co, — Morning  Star  mine,  enargite,  atephonite,  polybasite,  barito,  quarts,  pyrite, 
tetrahedite. 

AnADOR  Co.— At  Volcano,  chalcedony,  hyalitt.    ■ 

Alaueda  Co. — Diablo  Range,  magnesite. 

Bdttk  Co.— Cherokee  Flat,  dtamtond,  platinnm,  fridoimine. 

Oalaterab  Co.— Copperopolis.  elialoopyrUe.  malaobita,  aturUs,  »erp»ntin«,  pieroiitt,  DMtift 
copper,  near  Murphy's,  jasper,  opal ;  albic«,  with  gold  uid  pyiite  ;  Hellones  mine,  ^tlavtriit, 
petiiU. 

Contra -Costa  Co. — Ban  Antonio,  chalcedony. 

Del  Norte  Co. — Crescent  City,  agate,  cornelian;  Low  Divide,  obaloopyrite,  bomite^ 
malachite;  on  the  ooost,  liidosmine,  pls'-nuT. 

El  Dorado  Co. — Pilot  Hill.  chiJcopyriifi  ,  near  Cleorgetown.  benite.  from  plaoex  Hg^ 
|iiiga;  Roger's  Claim,  Hope  Valley,  groniMJnr  garnet,  in  capper  oi«i  Cobima,  AromiU. 
Bputiih  D^  Diggings,  gold;  Qranite  (^ek,  roecoelite,  ifold. 
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fttBSHtf  Co.— ChotrohiUM,  andalvtiti. 

UnUBOLDT  Oo.— CryptomoiTihito. 

.lifkp  Co. — Tngo  dittrict,  galenits^  ammlU,  anglealte,  harUe,  atactuntte,  oaicita,  gionutat 
fttmd/ 

Lake  Co. — Borax  lotka,  Aamn/  aaieoSte,  ff!avigrite  ;  Pioneer  mine,  dnnaber,  native  mer- 
OQij,  selenide  of  menmrf  ;  neoi  the  Oejaen,  snlphui,  hyalite;  Redingten  mine,  tnetocinna- 
bftrite. 

Loa  AKa^i.BS  Co.— Near   Banta  Anna  BiveT,  anhydriU;   WilliBini   Pan,  chalcedony; 
Boledad  mines,  chaloopjrite,  garnet,  gypium;   Uonntain  Meadows,  garnet,  in  ongpei  ore. 
,  Uaripoba  Co. — Chaloopyilte,  itnoolnmjte  ;  CeDtrevilla,  cinnabair ;  Pine  Tree  Mine,  tatra- 
hedzile  ;  Burns  Creek,  limonite ;  Qejer  Gulch,  pyrophjllite ;  La  Victoria  mine,  azuriU  I  neu 
ConIt«rville.  annabar,  gold. 

Mono  Co!— Partrit*. 

MoHTBKET  Co. — Aliaal  Hine,  arsenic ;  near  Panechea,  ohaloedony ;  New  Idria  mine,  cin- 
nabar ;  near  New  Idria,  chromite,  laratite,  chrome  g»met ;  near  Pacbeco's  Paw,  stibnJta. 

Nevada  Co,-~QraBB  Talle;.  gold!  in  quarts  veins,  with  pyrite,  cholnopTrite,  blende, 
BiBPnopyrite,  galenite,  quartt^  biotite  ;  near  Tmckee  Peas,  ifTpeam ;  Excelsior  Mine,  molyb- 
denite, with  molybdenite  and  ffold  ;  Sweet  Land,  pjroluMte. 

Plackr  Ci). —Miner's  Bavine,  epidote!  with  gvaris,  gt^d. 

Pluhas  Co. — Qenesee  Valley,  chalcopTrite ;  Hope  mines,  borniU,  nlphnr. 

Santa  Barbara  Co.->^An  Amedio  Caiion,  stibnite,  aaphaltnun,  bitiimen,  maltha,  petro- 
lenm,  oionabor,  iodide  of  merouiy  ;  Santa  Clara  River,  Eulpbar. 

SanDibgo  Co. — Cariaso  Creek,  gypsnm  ;  Son  Isabel,  tourmaline,  orthoclase,  garnet. 

Bam  Pbanctsco  Co.— Red  Island,  pjroluwta  and  manganese  ores. 

Sahta  Claka  Co.— New  Almaden,  einrmbar,  ealeiie,  aragoniU,  eerpentiue.  chryaoHte, 
qnaiti,  aragotite;  North  AlDtaden,  chromite;  Ut.  Diab^lo Buige,  magnesite,  dato1it«,  wiUi 
Yeaavianite  and  garnet. 

San  Luia  Ouispo  Co. — Asphaltnm,  cinnabar,  native  mercnr/. 

San  Behnardcno  Co.— Colorado  lUver,  agate,  trona ;  Temesool,  oaadteiite  ;  Buss  Din- 
briot,  gnlenite,  oerusaite  ;  Frands  mine,  cerargyrite. 

Sbabta  Co, — Near  Shasta  City,  hematite,  in  large  masse*. 

BiBKlYOD  Co. — Surprise  Valley,  selenite,  in  large  slabs. 

SONOUA  Co. — Actinolita,  gamela. 

TDLAau  Co, — NearTisalia,  magnesite,  asplialtiim. 

Tdolvuhe  Co.  — Tonrmaline,  UemoUte;  Sonoia,  graphite;  Tork  Tent,  dhioniit« ;  Qotden 
Bnle  mine,  petate,  ealaterite,  altaite,  heaaite,  magnesite,  tetrahedrite,  gold ;  Whiskey  Hill 
gold  I 

Trinity  Co. — Casdterite,  a  aiogle  spedmen  fonnd. 

tOWEE  CALIFOBNIA. 
La  PAZ.—Onproaoheelita.    Lobbtto.— NatioUte,  alderite,  aelenita. 

UTAH. 

Braver  Co  — BiBmnthlnite,  biimite,  blsmntito. 

TiNTio  DiBTRiCT. — At  the  Shoebiidge  miue,  Uie  Dragon  mine,  and  the  Mammoth  vein, 
rnmrgiU  with  pyrite. 

Box  Bldkb  Co.— Empire  mine,  wiiJf«7>itel 

In  the  WahsaMh  and  Oqnirrh  mountains  there  are  extensive  mines,  etpeoially  of  ores  ol 
lead  rich  in  silver.  At  the  Bmma  mine  occur  galenilA,  oervantite,  cemssite,  wulfenite, 
anrlte,  malachite,  oaUuoine,  anglesite,  linarite,  sphalerite,  pyrite,  argeotlte,  st^phanite, 
etc.     At  the  Lucky  Boy  mine.  Butterlield  CaSon,,  orpiment,  realgar. 

One  hundreii  and  twenty  milea  south-west  of  Salt  Lake  City,  topoM  baa  been  fonnd  In  oolor- 
tesi  crjstala. 

NEVADA. 

Oarson  VaIiLET.— Chiysolite. 

OHURcniLL  Co. — Near  Bagtown,  grtg-luMite,  tnma,  oommon  salt 

OouBTOCK  LoDB. — Qold,  nattse  iSter,  /tTgenliCa,  itephat^te.  poiifbiuiU,  pyrargyrite,  prent 
tite,  tetrahedrite,  cerargyrite,  pyrite,  ciialoopyrite,  galenite,  blonde,  pyromorphite,  all8m<w 
tte,  aisenolite,  qoarU,  oohAo,  gypsom,  oemasita,  ovprite,  wulfeuite,  amelbjit^  kiist*ltta. 
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BUfBBALDA  Co.— Alum,  13  m.  noitfa  of  Siljti  Creek ;  at  Aaron,  fluorite,  atibnito ;  ■•■ 
Htmu  LnJce,  naUre  copper  and  oaprite,  obsidiiui ;  Colnmbna  dutriot,  nlezite  ;  Walker  Lata, 
g7pBiim,  hematite ;  Bilvei  Peak,  talt.  ialtpetre,  Bvilphiir,  Hilver  ores. 

Humboldt  Dibtiuct, — Shebamine,  natweailcer,jam«i«miU,  itibnite.  tetmhtdrite.  pnM* 
tits,  blendo,  uenwite,  calcite,  boumonibe,  prrite,  {pilemte,  malachitie,  zanlhooone  (?) 

Hamuotq  QiBTitiCT. — OrVtoaloM,  tnrqaois,  hMneriU,  ucheelite. 

Ueesb  Rivru  Distbict.— Native  silrei,  proutlitt,  pyrargifritt,  stephanite,  blonde,  potf- 
baaite,  rhodochiosite.  emboUte,  Ulialudritt  '  oararjifnto,  embolite. 

8ak  Antonia. — Belmont  mine,  atetofuldtita. 

Six  Milk  C\ion.-~iMeiuU. 

Ormsbt  Co.— W.  at  Canon,  epidole. 

SxoKEI  Co.— Alum,  natiolito,  aoolotita. 

ABIZOITA. 

On  and  near  the  Colorado,  gold,  ailver,  and  ooppei  mines;  at  Bill  WiUianu'  Foofc,  ehf^ 
aooolla,  malachite.  atooaTiiite,  brochautite  ;  Daytoo  Lode,  gold,  flaorite,  oenugTiita  -  akinna 
Lode,  ootabednU  fluorite ;  at  varioiu  places  in  the  aonthem  port  of  the  temtoi;,  nlTer  and 
ooppei  minea;  Beintiebnann  mine,  >ln>mtg»riU,  obolcocite,  tetcobeilrite,  ataoainita.  "--■ 
gomeiy  mine,  Haiaajampa  Diab ,  teteadjmite.     Whitnoyita,  In  Souther^  '-" 


Qold  Ii  obtained  from  beach  wanhing^a  on  the  aonthsm  ooast ;  quarts  minei  and  place* 
minea  in  the  Josephine  diatriot ;  oUo  on  the  Powder,  Bamt,  and  Johii  Dut'i  nTeia.  and  otha 
plaoei  in  eaatem  Oregon ;  pliriinnm.  iiidoBmine,  laoriCe,  on  the  Eogoe  RiTer,  at  Part  OxMatd, 
knd  Cape  Blanco.    In  Carry  Co. ,  priueite. 


Id  the  Owyhee,  Boipe,  mnfl  Flint  diatricts,  pM,  alao  extenalTe  direr  mines;  Poor  Man  Lod*, 

ttrargytilt  I  pmuttite,  pyrargynUl  native  silver,  gad,  pyromorphite,  qnaitx,   malacbue- 
polyboiite ;  on  Jordan  Creek,  stream  tin;  Rising  Star  mine,  ttephanUt,  argtntiU,  pyrugy 


Many  mines  of  gold,  eto.,  west  of  tbe  Hi«onri  B.  HiaHLjUn)  DleTBiCT. — Tettadymiti 
flii.VBB  Star  Dibt.— Pgittaoiiiito. 

In  tho  YellowBtona  Paik,  in  Uontaoa  and  Wyoming  TeTiitoile& — OtgteriU. — Ametkfit 
Aaktdony,  qnuts  oryitala,  quarts  on  calcite,  etc 

COLORADO.* 

The  principal  gold  mines  of  Colorado  are  in  Bonlder,  Qilpin,  Clear  Creek,  and  Jeffenoa 
Ooa.,  on  a  line  of  oooatiy  a  feir  miles  W.  of  Denier,  extending  from  Long's  Peak  to  Pike's 
Peak.  A  large  portion  of  the  golA  is  aaaociabed  with  Teins  of  pyrite  and  (Sialcopyiit« ;  sQret 
and  lead  minsB  ore  at  and  near  Georgetoim,  Clssr  Creek  Co.,  a^  to  the  neatwud  in  Sum- 
mit Co.,  on  Snake  and  Swan  rivera. 

At  the  QsoRQBTOWN  mines  are  foncd :— native  silrer.  pynuyytita,  sigentite,  tetrahedrite, 
pytomorphite,  galenite,  sphalerit*,  anirite,  arngonite,  barite,  flnorite,  mioa. 

TbaIL  Ckekk. — Garnet,  epidote,  hornblende,  chlorite  ;  at  the  Freeland  Lode,  UtrrAedriU, 
tennantite,  angletdte,  caledomte,  oenuaite,  tenorite,  aiderlte,  anirite,  mininm ;  at  the  Chain- 
fi<m  Lode,  t>]norite,  asnrite,  ohrysocolla,  njalachit«;  at  the  Gold  Belt  Lcde,  TiTianito;  at 
the  Eelly  Loile,  tenorite ;  at  the  Coyote  Lode,  malachite,  cyanotriohite. 

Near  Ulai^k  Hawk.- At  Willin  Ontcb,  enai^ite,  fluoiite,  pyrite ;  at  the  Qilpin  CoBVlg 
Lode,  oeiaigynte ;  on  Gregory  Bill,  (eldapar ;  North  Clear  Creek,  lieTrita.—Oiil«Atto/ 


•  Sea  tha  Oatalcgne  of  ICnanIs  «f  Oc4gcad»  bjr  J.  Aldwi  bnith. 
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Bbah  Crsek.— Flnorite,  beiyl;  ii«ai  the  Malachite  Lode,  laalaMte,  eupriU,  TsniftaiJt^ 
bopozolite ;  Liberty  Lode,  chaloocit«. 

Smakb  Bivbb. — Penn  Distriot,  embolite;  &t  Bevenl  lodee,  pjraigyrito,  natiTa  iUtoi, 
azarito. 

RnaaET.L  Dibtbict. — DelawBre  Lode,  ehitloopgrit^.  dTBtallUed^afenjff.^Epidote,  pjritft 

VlBOntiA  CA5:nN. — Epidot«,  fluorite ;  ot  the  Ciyttal  Lode,  native  silver,  xpinel. 

Sqoar  Loaf  Districtt. — Chalcoclte,  pTirhotite,  Bimet  (mvigsnenati). 

Centhai.  GrTT.— Oamet,  tecorite ;  at  Leavitt  Lode,  molfbdenite ;  <m  Qannall  HUl,  laag 
netite ;  at  the  PleoBODlTieir  mine,  oernasite. 

OoLDSN  CiTT. — Aragonite. 

BRRara'a  IlANcne. — Qomet.  actinolite.  caloite. 

BoULDBR  Co.,  Red  Clond  Uine.— Native  tellaiiiun,  altaite,  hewite  (petilta),  ^rlvanlte, 
oalaverite.  Bchinnerite. 

IiAKK  GiTT,  at  the  HotchUaa  Loda. — Petrite,  oalaverite  (f),  eta. 

Pike's  Peak,  oq  Elk  Cre<ik.~At7iatim»tont .' /  mrnkg  qvartil  oMntmrint  ftUtpar,  na 
thyat,  albiiA,  flnoiite,  hematite,  anhjdilte  (rare),  colambite, 

CANADA. 
UIKASA  SABT. 

Abkrcboubie.  —  LabTadorite. 

Bat  St.  PAOh.^Mmnap^nilaf  apatite,  allanite,  rntUe  (orbrooklte^ 

AUBBBT.  — Gold,  iiidoemine,  platinaio. 

BoiiTOV.^  CAromile.  magnMils,  aeipentuie,  piorolite,  atetitlte,  bitter  apar,  wad. 

BouCUBBTn^l.K. — Aaffitein  trap. 

Broke. — Magnelita,  chalcopjiite,  ipherte,  menaoouiite,  phyllite,  aodallte,  euxriirft^ 
piletiite,  dhloritoid. 

CnAKBT.Y.  —  AiiBlcite,  ehnboiite  and  ciJdte  in  tnohjte,  mettaeeaTiii*. 

CHATEAr  Richer.— ZafrradPrita,  hyperttheM,  audadte. 

Qatllbbout. — Bloe  apinel  with  olintonite. 

GKEDTii.i.B.'-Wollaatonite,  tphene,  veEaviftmte,  oaldte,  pyroxene,  steatite  (nsuacUerite), 
f^-net  (cliuuunon -stone),  ctmin,  grajMte,  nxtpaktt. 

Uax.— Chiomite  in  terpentine,  diallage,  antwumg/  tenarmonUUl  kermmUe,  oaltfntwrib^ 
■bbnite. 

iNVERRBse. — Variegated  eopprr. 

IiASB  St.  Francis. — AndidiaiU  ia  mioa  slate, 

Landsdows.  — Barit*. 

Leeds. — Dolmnite,  □haloopyiite,  ^Id,  e^Ieritoid. 

HtLLK  IHLES. — Lnbradorite  !  menaooanite,  hypenthene,  andente,  tireon. 

MoNTRHAt..  —  OiikiU«y  augitt,  sphene  la  trap,  ohiyaolite,  natrollte,  dawaonlt«. 

HoBiR, — Sphent^  apatite,  Inbradorit*. 

Orpobd. — White  garnet,  ehroitugarTiet,  tiulleriU,  terpentine. 

Ottawa  —  Pyroaene. 

POLTON.— Chromite,  BttatUi,  serpentine,  amiaalhiu. 

BoDOBMONT. — An^te  in  trap. 

SOEBBROOE. — At  SnfSeld  mine,  a&iu!  TiaHoe  tUter,  or^ntite,  ohaloopyiite,  blende 

St,  Arkand. — HiOBOeotu  iron  ore  with  qnarti,  epidote. 

St.  Frani^is  BEAncB.  — Oold,  plattnam,  irldoeniine,  menaooanite,  magnetite,  serpentliiet 
ohiomlte,  BOapatone,  bnrite. 

St.  Jerque. — Sphene,  epatitt,  ehondradUt,  plilogopite,  Umrmaline,  riroim,  molybdenite, 
pyrrhotite. 

St.  Nobdest.  ^Amethyst  in  gieenrtone. 

Btckbt.Et. — Serpentine,  vTif-antvjru'/  sohlUeF  ipar. 

SiVTias.—Magjistita  in  fine  oryitala,  tkematite,  rutSt,  dolomite,  magntiUt,  ahiomifenMi 
tiie,  bitter  epai,  steatite, 

DrroiT.— Ohaloopyrite,  malaohite,  oaldte. 

TADBRKniL.— Limonite,  Tlrkidta, 

TaMABKA. —Sphene  in  bap. 

niMinA  wttivp. 
Arnfrior. — Oaldte. 
Balsam  Lake. — Molyi 
BuASTKOltD. — Snlphn 

UATnnRST.— Barite,  Monk  tourmaline,  perthiU  (oiihoolBM),  f«r»ri«Ht«  (alUte), 
pyroxene,  wilMiiIt«,  soapoUie,  ^latite,  tiUiilt*. 
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Bbooktillk.— PjnrittL 
Brome. — Magnetltn. 

Brdcr  MmBS.— CaJsit«,  dolomite,  qnarti.  ohalcopTrito. 

B-URaKf».  —  P;/ivxene,  MAte.mUa,  tapphire,  BpheiM,  ohaloopTiita,  spatit*,  Noot  tptmtii 
tpoiameao  (in  a  boolder),  BaTpentme,  biotite. 
Bttowh. — Calais,  bgiown^,  ohondrodite,  apicel 
Cafe  Ipperwabh,  Laka  Hnxoii.— Ozolite  in  ihalea. 
Clarenimn. —  Vennanite. 

Dalrocbib Hornblende,  dolomite. 

DRUUM0ND.  — Labradorite. 

Elizabbthtowm. — Pyrrkotite,  pyrite,  caldte,  tnagnetite,  talc,  phlogopite,  aiderita,   ap«- 


GLUBEr. — PTTOzene,  sphene,  feldspar,  tourmaline,  apatite,  blodte,  lizooD,  red  spinel, 
ehondTodite. 

FiTZROT. — Amber,  brown  tourmaUne,  in  qnarti. 

Q<BTINBATJ  BiVKR,  Bloadell's  Mills. — Caloite,  apatite,  tonrmaline,  hornblende,  pyroxaoB. 

Qraxd  Caluubt  l8i:ANS. — AjiatiU,  pMogopitel  pyroxaitl  ephene,  wtunanitei  I  mil  ill  in 
line,  tremoiite,  leapoliu.  broim  and  black  tourmaline  I  pjrite,  loganita. 

High  Fallb  of  the  Madawabka. — Pyrotent!  hornblende. 

Hull. — Magnetite,  garnet,  graphite. 

Hdnter^own. — Seajx^iti.  uphene,  TesaTianlte,  garnet,  brown  tounoaUne/ 

HtSTiMOTOK.  —  Caloite  I 

IiraiaKiLLEH. — Petroleum. 

KlHOvroH , — Celmtitt. 

Lao  CKS  Chatb.  Island  Portage. — Brmcn  tourmaliTtef  pyiite,  oaldte,  qnarta. 

LaKark. — Kaphilite  (hornblende],  Krpentinu,  asbeEtna. 

IiAMDBTOWK.— Bart(e  /  vein  27  in.  wide,  Bud  Sue  orTstals. 

M  ADOO.  — Magnetite. 

Maicora. — Magnetite,  chalcolite,  garnet,  epsomite,  apecnlor  iron. 

Maihanbk, — Pitdtblendt  [ooraoite). 

HqSkb. — Hematite,  baiite. 

HicuipicoTKN  IBLAKD,  Lake  Superior.— .Z)i>mvl:tte,  meeoHtf,  geatUtu 

"SBrmaaavQa. — Oliondrodite,  graphite. 

Facebmham.--  Homblen  de . 

FkRth. — Apatite  in  large  beds,  phlogopite. 

South  Crohbt.— Chondrodite  in  limestone,  magnetite. 

8t.  Adkle. — Chondrodite  in  limestone. 

St.  Ibkace  lsLt.THO.—Gali!it6,  native  copper. 

Stdsrhah. — Geleitite. 

Tbrraob  Coti,  Li^e  Saparior. — Molybdenite. 

Wallaok  Hike,  Lake  Enron.— Hematite,  nickel  ore,  nickel  TitrioL 

NEW  BETJNSWICKL* 

Albxrt  Co. — Hopevell,  grpsnm  ;  Albert  mines,  ooal  (olbertdte) ;  Shepodj  HonntMD, 
lilnnjte  in  clay,  calcite,  iron  pyiitee,  manganite,  pnlomelane,  pf/rolviUi. 

Oari-STon  Co. — Woodatook,  abolcopyrite,  hematite,  limonite,  wad. 

Charlotte  Go.  —  Compobellc,  at  Welcbpool,  blende,  obslcopyrite,  bomite,  galenite, 
PTifte;  at  bead  of  Harbor  de  Lnte,  gaJenite  ;  Beer  Island,  on  west  side,  oalcite,  magnetite, 
qoaita  crystals;  Digdie^ash  Rivet  oa  west  aide  of  entrance,  ealcite!  (in  ooDf^omeiate). 
chalcedony  ;  at  KoUing  Dam,  graphite ;  Orandmanan,  b^ween  Nortliem  Head  and  Dark 
Harbor,  agote,  amoti.TBt,  apojiliyUite,  caieiCe,  homatito,  henlandite,  jasper,  magnetite,  natro- 
lite,  tti'.bile;  at  Whale  Cove,  caleile  !  beulandite,  laumontite,  stUbite,  lemi-opalS  Wagagna- 
dsTlo  River,  at  entrance,  OEorile,  chatcopyrite  in  veiiiB,  malachite. 

QloDCBstbr  Co. — Tete-a-6ouche  River,  eight  miles  from  Bathnrst,  cholcopyrite  (mined), 
ori^ofmnnganete!  I  formerly  mined. 

Emoa  Go. — Snaaex,  near  Cloat'a  mills,  on  road  to  Belleiale,  argentiferotu  galenite;  <aM 
mUe  north  of  Baxter's  Tnn^  tptnUaT  iron  in  cryetala,  limonite;  on  Gapt.  McGready's  fana, 


l^ErriooucnK  Co. — Belledone  Point,  calniu/  lapmtine,  verd-amtiqve  ;  Dalhonaie,  •■«)«, 
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Saimt  John  Oo.  — Blaok  Rirer,  on  oout,  caloitB,  cbloiita,  ohoIbutiTTite,  kamaUU  I  BnndJ 
Brook,  epldote,  hemU«nd»,  qiuTU  nrptSaliM ;  Oarleton,  neu  FkUs,  (Mloite ;  Obanoe  Hubor, 

tidcitB  in  qoarti  Teioii,  chlorite  in  ar^oceoiu  and  btlMae  slate ;  Little  Dipper  Harbor,  on 
west  tide,  in  gfreenstoue,  ametbjsti,  buite,  qnarta  dyatolB  ;  Mooeepftlh,  leidBpor.  hornblende, 
mmcovite,  black  tonrmaline ;  Muaqnaah.  on  east  side  harbor,  oopperas.  graphite,  pyrilie  ;  at 
Bhaonon'B,  ohiTsoUte,  serpentine;  east  aide  of  Hoaqoaab,  qaartt  erytUilt! ;  Portland,  at 
Qie  Falla,  graphite ;  at  Fart  Howe  Hill,  eaUiU,  ^^aphite  ;  Crow'e  Kesb,  aabeatDB,  eltryiolile, 
magnetile,  terpentine,  steatite  ;  Lily  Lake,  nhite  angiteT  obrysolite,  grkphite,  Mrpentine 
ateatite,  tala ;  How's  Koad,  two  milea  oat.  epidote  (in  ayenite),  (teatite  in  Umeitoms,  tremo 
Uta;  Dmry'a  Core,  graphite,  pTiile.  pfrallolitaf  indnrated  talo ;  Qoaoo,  at  LfgbthoiiM  Point, 
Urge  bed  oxjA  at  manganese  \  Sheldon's  Point,  aotinolite,  aabeataa,  oaloite,  Midet*,  m«l»- 
ohlte.  Bpeonlar  iron ;  Cape  Spenser,  aabratua,  caioite,  uhloiite,  ipeetUar  iron  (ja  oryiuli) ; 
Weatbeach,  at  eaet  end,  on  Erans'  farm,  chioriu,  talo,  quarti  eryitali ;  half  a  mile  west, 
chlorite,  ohalcopyrite,  magnesite  (vein),  magnetite  ;  Point  Wolf  aiul  Salmon  Bivar,  asbestna, 
dhloilte,  ohrTsooolla,  ohaloopyrite,  bornite,  pyrite. 

ViOTOBiA  Oo. — T^biqae  Blver,  agaU,  earneHaa,  jasper;  at  mouth,  aonth  aide,  galenite  ; 
at  numUi  of  WapskanEwan,  gypsum,  aalt  spring ;  three  milea  above,  atalactitea  (abnndant) ; 
QalaablB  Bivet.  bine  pboapbate  of  iron,  in  day. 

WEffmOKKLaMD  Co.— Bellevne,  pyrite;  Doroesler,  on  Taylor's  farm,  eannal  ooal;  ola; 
Imnatone ;  on  Ayres's  farm,  aapbaltam,  petroleum  apiing ;  Orandiauce,  apatite,  aelenlta  (in 
large  crystals) ;  Hemtamoook,  cool  (albertite) ;  Shadiao,  four  mUes  up  Boadoue  Biver,  ooal. 

ToBK  Co. — Ifear  Fredericton,  stibnite,  jameMnite,  l>erthierite  ;  Pokiook  Blver,  stibnite, 
tinpifriUif  in  granite  (rare). 

HOVA  SCOTIA. 

AiniAFOLiB  Co.  ^Chute's  Cove,  apcp^lliU,  natrolit«;  Gatea'  Honntain,  analdte,  mn^e- 
Ute,  mfoiiu!  nalrolite,  atilbite  ;  Hutul's  Cots,  analdte!  cfaabaiite,  h^i^ndite;  Moose 
River,  beds  of  magnetite ;  Nictan  Biver,  at  the  Falls,  bed  of  hematlt* ;  Paradise  Biver,  black 
tourmalin^  Knoky  qnairUl !  ;  Port  George,  farOelite,  laumontite,  mesolite,  stilbibe;  east  of 
Port  lieoige,  on  coast,  apophyllite  containing  gyrolit«  ;  Peter's  Point,  west  side  of  8tono<^'a 
Brook,  a^/iylHte  !  caioite,  henlandite,  Uvumotitatt  I  (abnndant),  native  oopper,  atilbite ;  St, 
Uroix  Cove,  chabazite,  heulnodite. 

CoLCBEOTSR  Co. — Five  Tslanda,  East  Biror,  bariUl  oalcit«,  dolomite  (anfcerite),  hemaOie, 
dhalcopyrIt« ;  Indian  ^oint.  malachite,  loagnetite,  red  copper,  tetrabedrite ;  Pinnacle  Islands, 
anitirite,  caioite,  ehabatite/  natrohte,  eilioeoua  aieter;  Londonderry,  on  brauob  of  Great 
Village  Biver,  barite,  ankerite,  hematite,  limonite,  magnetite ;  Cook'B  BriKik,  ankerite.  faema- 
bta ;  Hartin'a  Brook,  hematite^  limonite :  at  Folly  Biver.  below  Falls,  ankerite.  pyrite ;  on 
high  land,  east  of  river,  ankente,  hematite,  limonite ;  on  Archibald'a  land,  ankerite,  AirAtt, 
hematite;  Salmon  Biver,  aonth  branch  of,  ohaloopyrite,  hematite;  Shabeoacadie  Blvei, 
anhydrite,  oalcite,  bariU,  hematite,  oxide  of  mangaiiese ;  at  the  Canal,  pyrite ;  Slewiaoke 
Bivar,  barite  (in  limestone). 

CdjcbichlaM)  Co.^Cape  Chiegnecto,  barite;  Cape  D'Or,  analeiU,  apophj/Hitt / /  chaba- 
■ite,  faroellte,  lanmontite,  metoliu.  malachite,  natroUte,  native  nopper,  obaidian.  red  copper 
(rare),  vivianlte  (rare) ;  Horse-shoe  Cove,  eaat  side  of  Cape  D'Or,  an^dte,  caldta,  etilbite; 
lale  Haute,  south  aide,  annldte,  api/pkyUiU !  I  oalcite,  htiUanditt  1 1  natrolite,  mesolite,  ttU- 
bUe!  Joggina,  coal,  hematite,  limonite;  midaohite  and  tetrahediite  at  Seaman's  Brook: 
Partridge  Island,  analdte,  apop/ij/lliU /  (rare),  amethyit!  agate,  apatite  (rare),  ealmU!! 
chabazite  (acadialite),  chalcedony,  cat's-eye  (rare),  gypsnm,  hematdte,  A«u/iinEJit«/  magne- 
tite, lUibiUl  t ;  Swan's  Creek,  west  dde,  near  the  Point,  oaldle,  gypsnm,  Acu^ndiife,  pyrit«: 
eaat  side,  at  Waason's  Blofl  and  vioinlty.  anaicUs!  I  apophylliuf  (taie),  ealeitt,  ehaitaxittl  I 
(aoadialite),  gypanm,  hnUandUel I  natroliu!  siliceous  sinter;  Two  Islands,  moss  sgate, 
analdte,  oaldte,  ohabaiit«,  hmdandiU ,'  McKay's  Head,  analdte,  oaldto,  henlandite,  nl^«atM 
iM«r/ 

DiOBT  Co. — Brier  Island,  oatiTe  oopper,  in  trap;  DIgby  Neok,  Sandy  Oove  and  vldnit;, 
agaU,  amethytt,  ealaUt,  aAabatita,  bematittl  lavmtmtiU  (abundant),  magnetite.  ttUiit*. 
quarts  oryst^;  GoUiver'a  Hole.  magTutite.  itilbite/;  Mink  Cove,  ametbyst,  ehcUMuUel 
quarts  orystale;  Kichola  Mountain,  aonth  aide,  amtthyit,  magjut&»/ ;  Williama  Brack, 
Dnar  aouioe,  ehabatiU  (green),  henluidite,  atilbite,  quarti  oryttaL 

OmreBORo'  Co. — Oape  Oaasean,  artdidiitUe. 

Halifax  Oo. — Ghiy's  river,  galenite  In  limestone ;  southwest  of  Haltfoz,  garnet.  staurcdltB, 
lirarmdine :  Tangier.  g(dd!  in  quarts  veins  In  day  slate,  aaaoclated  with  auriferooa  pTrites, 
galenite,  hematite,  mlspickel,  and  magnetite ;  gold  bas  also  been  found  In  the  same  forma- 
tion, at  Country  Harbor.  Fort  Clarenoe,  Isaac's  Harlrar,  Indian  Harbor,  Laidlow's  taim, 
lAwrencetiOwn,  Sberbrooke,  Salmon  Biver,  Vina  Core,  atid  other  plaoea. 
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HAim  Co.— ChATWle,  ozida  of  mftHKaneae  (In  UnMatons) ;  Petite  Birvr,  gjpmm,  esUa  rf 

nurngKoeae  ;  Windsor,  caicita,  oryptomoiptiite  (boconatrooBlalte),  hoirlito,  glanbar  milt.  Ikt 
kst  three  nunersla  are  fonnd  in  beds  of  gvpenm. 

KiNOB  Co. — Black  Eock,  oentrallanibe,  cerinite  ;  oTsnolite ;  a  few  mQea  east  al  Bl^ 
Bock,  ptehnite  f  itUbitt  I ;  Cape  Blomidoo,  on  the  cowt  betneen  the  c^ie  and  Gapa  Sjd^ 
the  foliowing'  minerals  ocoot  in  many  places  (some  of  the  best  localities  aze  nearly  omMxHa 
Gape  Sharp) :  aimleittl  I  agaU,  ammiytt !  apophf/Uita  !  caleite,  clialoedoay,  ohab&mte,  fsu- 
WMi«  (ledererite),  bemalite,  lufulandite/  laurooiitit«,  magnetite,  malachite,  nunofif^,  natin 
oopper  (rare).  natroHtt!  pailomelane,  ttilltiie  I  thomi>onite.  faroelite,  guarU;  North  Hoax- 
tains,  amethirst,  bloodstcnte  (rare),  foTuginmu  quarU,  mnoHte  (in  soil)  ;  Long-  Point,  fin 
mile*  wont  of  Black  Eook,  htuiawiiu,  luvmontUt  1 1  tUlbiU  11;  Hoiden,  atxrpJigrtHt*,  autr- 
tienitt ;  Bcot'i  Bay,  agate,  amethTst,  eiialeedony.  mesolite,  natxolite ;  Woodyrorth'a  CoTe,  ■ 
few  miles  west  of  Scot's  Bay,  dfjate/  duUeedonyj  jatper. 

LuSKNBURO  Co. — Chester,  Gold  Bivec,  g«ld  in  quactis.  pyrite,  mispickel ;  Cape  la  Haie, 
pyrite  ;  Tbe  "  Ovens,"  gtiid,  pjTit«.  aisenopyrite  ;  Petite  Biver.  g;oId  in  aUte. 

PiCTOD  Go. — Piotoa.  jet,  oxide  of  manganese,  limonite  ;  at  Boder'a  Hill,  elx  milea  weat  a( 
Pioton.  barite  ;  on  Cnmboa  River,  gray  copper  and  malaohite  in  lignite  ;  at  Albiou  misA 
ooal,  lmionit«  ;  East  BiTer,  limonite. 

QnEZNB  Co. — Westfleld,  gold  in  qaatts,  pyiit«,  arsenopyiite ;  Five  Biven,  near  B^;  Fall 
gold  in  quartz,  pyrite,  otsenopyrite.  limonite. 

BiCHMOijD  Co.— -West of  PluUtei  Gore,  barite  and  calcite  in  sandstone;  nearer  theCvte, 
ealcite,  jluorif«  (bine),  siderite. 

Sdblbukhe  Co.— Shelbmme,  near  moath  of  harbor,  gametB  (in  gneiM);  near  tbe  town, 
foae  quartz  ;  at  Jordan  and  Bable  Elver,  ttaun>lite  (abniictaat),  schiUer  spar. 

Btdmet  Go. — Hills  east  of  Lochaber  Lake,  pyiite,  ohaloopyrite,  sidende,  hematita ;  Him- 
tistown,  epidote  in  trap,  gypsnm. 

Ta&uouth  Oo. — Cream  Fot,  above  Craubetiy  Hill,  gold  in  qnnxti,  pyrite;  C*t  Bm^ 
FoDchu  Point,  asbestos,  oaloite. 

liEWFOnUDLAKD. 

Ahtort'b  Islakd.— iViKA 

Catalina  Harbor. ~Oa  the  thora,  •pynttl 

Chalki  Hill. — F^dapar. 

Copper  Ielakd.  one  of  the  Wadbam  group. — ChaJeepifntA 

CONCEFTIUN  Bay.^Od  the  shore  sontb  of  Brigns,  boinite  and  gray  oopper  in  tl^i. 

Bat  of  Iblandb. — Sonthem  shore,  pyrite  in  ^ate. 

Lawk. — Oaieniu,  eerargynU.  prouatiU,  argtalUt. 

Placentta  Bat.— AtLaHanche,twomileseaii(wardo(  Little  Sonthem  Harbor, ; ifcjuk ' ; 
on  the  opposite  aide  of  tbe  isthmna  from  Placentia  Bay,  baiite,  in  a  Iatt[e  reia,  occaaiOM  Jj 
aooompanied  by  chalcopyiite. 

SnoAL  Bat. — Soath  of  St.  Johu^i,  ohaloopyrite. 

Ibmity  Bat.— Western  extremity,  barite. 

HAaooB  Q&EAT  ar.  IiAWXEMcx.—West  tide,  flnaite,  gakail*. 


byGoogIc 


APPENDIX   D. 


SUPPLEMENTARY    CATALOGUE    OF    AMERICAN    L0CALITIE3 
OP    MINERALS. 

MAINE. 

NoBWAT.—TriphyliU  (lithiophilite),  ctuTSober^l,  cookdte. 

PabIS.— Columbite,  mica,  tdphylite. 

Parbonfieu),— Labrtdorite,  crystallized. 

Perd. — TriphyllM  (oiystallized),  columbite,  beryl.  Bpodaiiien& 

SnuriiLui.— Triplite,  'columbite,  t«paj;,  curved  mica. 

MEW  HAHPSHIBE. 

Babtlbtt. — At  the  iron  mioe,.  danalite. 

MASSACHUSETTS. 

DEEKFtEU). — In  diabase,  datoIiU.  Btilbite,  chabazito,  prebnite.  beniandite,  natroUte, 
analcite,  calcit«,  fluoriM,  ^bite,  eptdote,  asinite,  tonrmaluie,  diabantite,  sapomte,  chloio- 

phnile,  kaolin,  pyrite,  malachite,  Umonitc,  wad. 
KocKPoET. — Fergusonito. 

CONNECTICUT. 

Brahchttlle.— In  a  large  Tein  of  pegmatite  in  gneiss,  mica  (curved  concentric),  microcline, 
albite  (also  crystallized),  quari^  (inclosing  liquid  C0,\  sjxidumene  and  various  alteration 
produces  (eucryptite,  cvmatolite,  killinitc,  etc.),  columbite,  apatite  (also  manganajpatite), 
amblygonite,  lithiophilite,  eosphorite,  Iriploidite,  ditkinsonite,  reddingite,  fairfieldite, 
flltowite,  rhodochrosite,  uraoinite  rcrysials^,  cyrolitc,  micro]it«,  uranium  phospliatee, 
chsbazito,  stilbite,  heulandite  and  other  species. 

LiTCHriKi.n, — Staurolite  in  mica  Hchist. 

New  Haven.— At  Mill  Rock,  contact  surface  ot  trap  and  Bandstone,  g»met  (topazolite); 
at  Bast  Rock,  on  columnar  surfoues  of  trap,  garnet  (melanite),  magnetite,  pyroxene,  apatite, 
calcitc. 

POKTLAND. — At  Pclton's  feldspar  quarry,  monazite. 

NEW  YOEK. 


rwioui  uranotliorite. 
BT.  LAWRENCE  CO.-DeKalb,  white  tourmaline. 
Putt  AiBN.  — Ti  tanite. 
BusaELL.~In  veins  in  a  gnnitic  rock,  danburite  with  pyroxene,  titanite,  black  mioa. 


BsitaEK. — Hajeune. 

FBANKUir  FuicNACE  and  SrEBUira. — Chalcophanite,  lietnrolite,  pyioohroitc. 
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PENNSYLVANIA. 

BEDFORD  CO.— Bkuwkpom,  barite. 

BEUKS  CO. — Jones's  icine,  amicbalcite,  melBConite,  bfBMlite. 

BUCKS  CO.— Pbenixtillb.  aokerite. 

Bbi  DOE  WATER  Station. — Titanite. 

CHESTER  CO.— Yellow  Sprinqb,  aiknite. 

DELAWAHE  CO.—Watebvillb,  near  Chester,  and  Oplacd,  chab&zitfc 

MiMBBAL  Hill,  culumbitc. 

Leipebtille,  (tiarnet,  zoisitc,  heulantlite,  leidjitc. 

FRANKLIN  CO.— Lancaeteb  Station,  barite. 

HUNTINGTON  CO.— Bboid  Top  Mountain,  barite. 

LEIllGH  CO. — Sbimbbvillb,  comndum. 

LUZERNE  CO.— ScRA»TON,  under  a  peat-bed,  phftocoUile  (dopplerite). 

Dbifton,  pvrophyllite, 

MIFFLIN  CO.— Strontianit«. 

MONTGOMERY  CO.- -Upper  Salford  mine,  aaurite. 

NORTHAMPTON  CO.— Bbthlebbii,  aiinita. 

PHILADELPHIA  CO.— Geemantowh,  fahlunite. 

SCHUYLKILL  CO.,  near  Maba»o¥  Citt,  pTrophj-Uite,  Alunogen,  copupite,  i 


TlRGINLl. 

AMELIA  CO. — From  a  granitn  vein  ^mica  mine)  in  gneiss  near  Amelia  Cdnit  Hooae,  mk* 
in  larKe  sheets,  quarU,  orthoclase,  microlit^,  moDOzite,  columbite,  orthite,  beiTite  wiUi 
topazoTite,  beryl,  tluoritc,  amethyst,  apatite  (rare). 

AMHERST  CO.— From  a  feldspar  vein  in  a  gneissoid  rock  on  the  northwest  alope  of 
Little  Friar  Mt.,  allanite,  sipylit«,  maenetite.  xircon. 

BOCKBRIDOE  CO.— Underlying  limonibe,  dufrenite  in  an  irregular  bed  ten  incbn 
deep,  strengite  in  eavitiea  in  dufrenite. 

WYTHE  CO.— Austin  mine,  aragonite  (7  p.  c.  PbCO,). 

NORTH   CAROLINA." 

Algxahdbb  Co.— Near  SUiny  Point,  in  narrow  vel 
part  also  loose  in  overlying  soil),  spodumenc  (liidden 
allanite,  quarts. 

At  White  Plains,  quartz  crystals,  spodumene  (biddcnite),  beryl,  mtile,  acorodil^ 
oolinnbitc,  tourmaline. 

At  Milholland's  mill,  rutile,  monazite.  muscovite,  quartz. 

BuBKE  Co. — In  the  auriferous  grarels  at  Briadletown.  octahedrite  (transparent),  brookitc, 
lircon,  ferguBonite,  monazite,  xenotime  (eompoundetl  with  zireon],  garnut,  toumialiue, 
magnetite  and  other  species. 

HrrrHEU,  Co.— At  the  mica  mines,  muscovite  in  large  quantities,  ortbovlase,  albite, 
nmarskite.leolnmbite.  hatchcttolite.  rogersile,  fcrgusonito,  monazite,  uraninite,  gummitc, 
[ihosphurahylite,  nranotile,  allanite,  beryl,  zoisile,  garnet,  menaccanite. 

Yancev  Co. — At  the  Ray  mica  mine,  muscovite,  tantalite  (columbite),  monBiJt«,  berjl, 
game^,  zircon,  rutile,  etc. 

Ay  Hampton's,  chromite,  epidote,  enstatite,  trcmolite,  chrysolite,  eerpentine,  tale, 
itta^edte,  etc, 

ALABAMA. 

COOSA  CO.— Cassiterite,  tantalite. 

*  For  a  complete  list  of  the  minerals  and  mineral  localitiee  of  North  Carolina,  aee  QeolQCT 
of  North  Carolina,  vol,  II  ,  chap.  I..  Mineralogy  by  F.  A.  Genth  and  W.  C.  Kerr,  wift 
aoLa  by  W.  E.  Hidden ;  123  pp.,  8vo,  Raleigh,  1881. 


AXEBICAN  LOCAI-mKB. 


MISSOURI.* 


ADAIR  CO. — Qothite  with  calcite  in  concretionary  masses  of  clay  iroti-stone. 
BAliTON  CO.— McCarrow'scoftl  bank,  pickeringite,  as  a  white  efflorescence  on  sandy 

BENTON  CO.— Limonile, 

BOLLINGER  CO.— Limonite,  bog  maoganese,  psilomclone. 
CALLAWAY  CO.— Hematite,  eiay  iron  ore. 
CHARITON  CO— SeleniU. 

COLE  CO  — Barite.      At  the  Eureka  mines,  galenite,  smithsonite. 
COOPER   CO.  -Collins   mine,   malachite,  azurite,  cbatcopjrite,  smilhsonlte,  galenite 
flphalerite,  limonite. 

CRAWFORD    CO. — Scotia  iron  bonks,  hematite,  qnartz,  jasper,   anietbjst,  gOthiK 
malachite. 

DADE  CO.~Smithsonite. 
DENT  CO.— Simmon's  Mountain,  hematite. 
FRANKLIN  CO. — Cove  mines,  galenite,  ccrusaitA,  angleeite,  buite, 
Mine-a-Burton,  galenite,  cerussite,  anglesite. 
Uoselle,  limonite. 

Mount  Hope  mine,  galenite,  sphalerite,  calamine,  smithsonite. 
Stanton  Copper  mines,  native  copper,  chalcctrictiite,  malachite,  azurite,  chalcopyrite. 
Viixinia  mines,  galenite,  angiesite,  cenLsaite,  minium. 

IRON  CO. — Pilot  Knoh,  hematite,  serprntine,  magnetite,  quartz,  manganese  ore. 
JASPER  CO.— Joplin  mines,  galenite,  sphalerite,  pyrite.  marcasitc,  cerussite,  bitumen. 
Okomodo. — Ualenite,  sphalerite,  cerussite.  smithsomte,  anglesite. 
Webb  Cm. — Gulenite,  sphalerite. 

JEFFERSON  CO.— Palmer  mines,  galenite,  eemssite,  plumbogummite. 
Valle  mines,  galenite,  cerussite,  anglesite,  calaniino,   smithsonite,    hydrozincite,   mala- 
chite, azurite. 

MADISON  CO. — Enistein  silver  minp,  galenite,  sphalerite,  wolframite,   pyrite,  quarts, 
museovite,  actinolite,  fluorite. 

HiNE-LA-MoTTE. — ISalenite,  linnieite  (eiegenite),  cerussite,   angleeite,  pyrrhotite,   earthy 
cobalt,  bog  manganese,  plumbogummite,  chalcopvrite,  annabereite. 

In  gramtes,  porphyries,  ete.,  quartz,  agate,  hombleDde.  asbestos,  serpentine,  ohlorite, 
epidote,  feldspar. 
MONITEAU  CO  —Sampson's  coal  miue,  galenite  and  sphalerite  in  cannel  coal. 
MORGAN  CO.— Buftalo  mines,  galenite. 
Humes  Hill,  barite. 

NEWTON  CO. — Granby  mines,  galenite,   cerussite,   pyromorphite,    calamine,    gieeno- 
chite.  sphalerite,  smithsonite,  hydrozincite,  buratite,  dolomite,  calcite. 
PHELPS  CO  —Hematite,  siderite,  limonite,  ankerite. 

ST.  FRANCOIS  CO. — Iron  mountain,  hematite,  apatite,  tungstite,  wolframite,  magne- 
tite, menaccanite. 

ST.  GENEVIEVE  CO.~St.  Genevieve  copper  mines,  chalcopjrite,  cuprite,  malachite, 
aturite,  covellite,  chalcoeite.  bornite,  melaconite.  ehalcantbite. 

ST.   LOUIS  CO.— St.    Louis.— In  cavities  in  limestone,  millerite,  dolomite,  calcite^ 
Soorite,  an hydite,  gypsum,  strontianite. 
SALINE  CO.— Halite  in  incruatetions. 
WAYNE  CO.— Limonite. 

KANSAS. 
BROWN  CO.— Celestite. 


*SeeKotes  on  the  Mineralogy  of  Missouri,  by  Alexander  V.  Leonhaid,  St.  Txiuis,  1883. 
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COLORADO. 

HauDtaiD  LioD  and  Smuggle 
tellurite,    magnoUte,    fenx^flltuite, 
eylvanite. 

Chapfbb  Co. — Arrow  mine,  jarosite  with  targite, 

CUSTBK  Co.— Silver  tlitf,  nitcolite. 

El  Paso  Countv. — Near  I'ike's  Peak,  arfredsoaite,  astrophylllte.  zircon;  slden^hfllite, 
tormi,  phenacite,  erjoUte,  thomsenoliie  (and  oilier  fluorides),  tysonite,  baatnSirite. 

GiLPi:<  Co.— Near  Central  City,  pyrite  in  roodillcd  crystals,  chalc«pyTlte  oflcn  coated  bj 
tetrahedrite  in  parallel  position,  crystallized  gold  on  pytite. 

GuHHisoa  Co,~Near  Gothic,  smaltite. 

JsFFEBaoN  Co. — Near  Golden,  in  basalt  of  Table  Motmtain,  chabszite,  thotnsonite, 
■nalcite.  apophyllite,  caloite,  mesolite.  laumontite. 

Li  PuTA  Co. — Poughkeepsie  Oulcb,  Alaska  mioe,  alaskaite  witb  tctmhcdile,  chaloO' 
pyrite,  barite. 

Lake  Co. — Leadville,  eenissite  carrying   silTor,   anplesite,    pyromorphite,  sphalerite, 
Cftlsminc,  minium,  dcchenite  (?),  rhodocnrosite  with  galenite.  chaiiopyrite. 

Golden  Queen  mine,  scheelite  with  gold.    Uta  and  Ule  silver  mine,  stephanite,  galenit^ 
n>halerite,  chaIco«;ite. 

Pakk  Co.-Grant  P.  0.,  Baltic  lode,  beegerite.    Hall  Valley,  ilesite. 

CALIFORNIA. 


Dououa  Co.— Cow  Creek,  Piney  Hountain,  consideMble  deposits  ol  a  hydnxis  nickel 
silicate,  allied  to  gamieritc. 
Qkast  Co. — Canyon  City,  cinnabar  with  calcite. 

UTAH, 
Isot)  Co.— Coyote  District,  orpimeat  and  realgar  in  a  thin  bed  in  the  horizontal  eedimcnt- 
aiT  formations  underlying  laTa. 
PlUTB  Co. — Marys  vale,  onofrite. 
S^LT  Lake  Co. — Butterfleld  Canon,  mallardite,  luckite, 
Wahsatcb  Range,  head  waters  of  Spanish  Pork,  ozocerite  in  considerable  beds. 

NEVADA. 
Elko  Co.— Emma  mine,  chrysocolla;  Blue  Hill  mine,  aiurit«,  malachito, 
Landek  Co. — Austin,  polybasitc,  chalcopyritc,  azurita,  whitneyil«. 
Lincoln  Co. — Ilalite,  cemrgyrite, 

Nke  Co.— Anglesite,  sLttereliltitP,  azuritc.  ccrussite,  silver  ore,  cerareyrite. 
Whitb  Pihb  Co. — Eberhardt  mine,  cerargyiite ;  Paymaster  mine,  fr^eslebemt& 

NEW  MEXICO.* 

DoAa  Ana  Co. — Lake  Vallev,  ccrargyrite  in  the  Sierra  mines  in  large  manes,  rHidy 
erystallized.  associated  with  emVioUtc,  cenipaitc.  galrnite,  vanadinite  in  araall  canary-yellow 
crfstals,  native  silver,  pyrolusite,  manganite,  fluorite,  ankcrite,  apatite,  chert.    Victraii    * 
mine,  40  miles  below   Nutt,  massive  anglesite.     Kingston,  in  Black  Bange,'  argentite  in 
loive  masses. 

SocottBo  Co.— Socorro  Mt,,  8  miles  from  town  of  Socorro,  large  veins  of  barila  carrying 
oerargyrite,  vaneiliterous  mimelite.  vanadinite  in  barrel-shaped  erystiils  resembling  pyromor- 
phite.  Alagdalena  Mountains,  ST  miles  west  of  Socorro,  cenissile  in  heavy  veins  with 
galenite,  sphalerite,  etc.  Orcen  and  blue  calamine  on  the  Kelly  location.  Sophia  mine, 
itromeyerite?  Gmfton,  on  &  large  quarts  vein,  Ivanhoe  mine,  gold  in  black  cemsitc, 
ohaleocite,  bomite,  malachite,  azurile,  chalcopyritc,  ceratgyrite,  anietb}'stine  quarts.  New 
Elk  Hountain,  100  miles  south  of  Socorro,  eenissite  carrying  silver. 
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iXKBIOAS   LOOAUTIBS.  £07 

Qkaht  Co.— SIlTar  City,  Bremen's  mine,  argentite,  camg;rite,  an!:entite  psendomorph 
of  mollusca,  barite  with  cerargjrite.  native  silver  in  fllagree  and  dent&ites  on  slate;  Santa 
Bita  copper  mines,  native  copper,  tenorite.  MogoUon  aiw  Burro  mountains,  C00D7  mining 
diatrict,  Dry  Creek;  in  Mundo  mine,  raelaconite;  Silver  Twigg  mine,  bomite,  copper;  Alba- 
tross mine,  bomite,  malachite;  Cooncf  mine,  chalcopjrite,  azurite,  bomite;  Clifton  mine, 
native  copper,  cuprite,  azurite,  malachite,  wulfenite.  Georgetown,  Naiad  Queen  mine, 
anrentite  pseudomorph  of  molluaca.  cerargjirite,  native  silver  in  dendritic  turm  on  state. 

S*N  MiauKL  Co.— Cerillos,  Mt.  Chalehuitl,  turqnoise  in  tuff.  In  the  Cerillos  district  are 
numerous  mineral  veins,  carrying  stiver  lead  and  salts  of  lead,  rarely  wulCenito  and 
vanadinite,  azurite,  malachite,  sphalerite,  eta. 

ARIZONA. 

In  the  Silver  District,  Tuva  Co.,  at  the  IfamburjT,  Princes  and  Bed  Cloud  mines,  in 
connection  with  quartz  veina  carrving  argentiferous  galena,  fine  rubj-rod  vamidinito, 
red  wulfenite,  miissive  anglesite.  Silent  District,  Black  Rock  mine,  vuiiadiiiite.  At  the 
Castle  Dome  mines,  vanadinite,  mimetito,  wulfenite,  cerussite,  galenitc,  fluorite.  Also 
wulfenite  at  the  Melissa  mine  and  Bover  mine. 

in  the  Vulture  District  (also  called  White  Ficacho  District),  Tatapai  and  Maricopa 
Cos.,  numerous  veins  of  gold-bearing  quarts,  carrying  lead.  Vulture  mine,  crvst.  gold, 
jaroaite,  wulfenite.  Hunter's  Rest  mine,  gold  in  tourmaline  rock.  Farley's  tollutcral 
mine,  and  the  Phenix  mine,  20  miles  north-east  of  Vulture,  yellow  vanadinite  with 
caU-ite,  wulfenite.  cerussite,  descloizite  (?),  volborthite  (?)  crocoite,  vauquclinite,  pho^ni- 
cochroit«.  Montezuma  mine,  vanadinite,  cerussite.  Santo  Domingo  mine,  mimetite, 
ar^ntits.  Silver  Star  mine,  native  silver,  cerussite,  argentitc,  crocoite,  vanadinite. 
Tiger  mine,  native  silver,  ceraigyrite.  Tip  Top  mine,  native  silver,  sphalerite,  argenUte, 
pyrargyrite. 

From  the  Rio  Yerde,  HARiroPA  Co.,  thenarditc  in  targe  deposits. 

Mohave  Co. — Moss  lode,  gold  in  crystalline  plates;  fluorite  a  frequent  gangue  materlaL 

Pinal  Co. — Mute  Pass,  Bisbey,  Copper  (jueen  mine,  iiatiTO  copper,  copper  oxide,  mala- 
chite, azurite,  calcite. 

Prom  the  Silver  King  mine,  Pioneer  District,  Pisal  Co.— Pine  crystallized  native  silver, 
armntite,  sphalerite,  pyrite.     Stonewall  Jaokson  mine,  cryst.  silver,  ai^ntite. 

From  the  Bon  Ton  mines,  Chase  Creek,  near  Clifton,  (floptase  with  cuprite  and  limonite. 

MONTANA. 

Butte  Co. — Butte  City,  Alice  silver  mine,  rhoilonitf,  a  common  gangue  of  native  silver 
and  other  silver  ores,  rliodochrosite.  Same  in  Magna  Charter  mine.  Parrot,  Mountain, 
Bell,  and  other  copper  veins  yield  various  copper  salts  and  arsenical  copper  glance  with 

"  Origins!  Butte  mine,"  wurtzile  with  pyrito.  Clear  Qrit  mine,  native  silver,  argentite, 
ohalcopyrite,  sphalerite,  calcito,  rhodochroeito.    Colusa  mine,  chalcocite. 

ALASKA. 
Ft.  Wrangell  at  month  of  the  Stickeen  Elver,  fine  garnets  in  mica  schist. 

CANADA— Proveice  of  Quebec 

MoNTRBAL. — Analcite,  sodalitc,  ne|>he]ite  <in  nephelite-syenite). 
Ottawa  Co. — Veins  carrying  apatite  and   pyroxene  in  large  quantities 


OTTAWA  Co. —  Veins  carrying  apatite  and  pyroxene  in  large  quantities  are  common  in 
Buckingham,  Burgess.  Templelon,  and  other  townships;  also  calcite,  quartz,  amphibole, 
scapolile,  garnet,  tourmaline,  titanite,  zircon,  orthoclase,  phlogopit«  and  other  speciea, 

Templeton.  veeuvianite,  garnet  (cinnamonstone),  pyroxene. 

Hull,  colorless  garnets,  vesuvianite,  white  pyroxene. 

Wakefield,  chrome  garnet. 


CANADA— Pbotince  of  Ohtakio. 


H.Uyi. 


NOVA  SCOTIA. 
CuHBBRLAKD  Co.— Alanogeti. 
CoLCBESTBR  Co. — New  ADDftn,  twrellite. 
KiNOB  Co. —Black  Bock,  Id  trap  with  Etilbite,  ulexite,  heulandUe. 

CANADA— Kebwatin  Distrh?!. 


CANADA— BuTiBH  Coldhbu. 

CiBiBoo  District. — Natire  gold,  gslcnito. 

On   Fbazbb  Bites.— Gold,  aigentiferouB  tctrahedrite.  cera^yTite,  cinDatwr,     Nortti 
Tiiompgon  River,  c^anite. 
Howe  Sound.— Bomite.  ehalcopyrite,  molybdenite,  mica. 
Ohtnica  District. — QoM,  galeuite,  silver,  silver  amalgam. 
Cabsiab  Dibtkict. — Qold. 
Tesaca  lai:.Aini. — Magnetite. 
<juEBK  Cbaelotte  IsuiJUB.— Skincuttle  Inlet,  Harriet  Harbor,  magnetite,  cluJ«q)7rita, 
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APPENDIX  E. 

TABLES  TO  BE  USED  IN  THE  DETERMINATION  OF  MINBRATA 


TABLE  L 

MinenUt  arranged  aeeording  to  tlt«ir  PhyHixd  and  Blowpipe  Chrtraclen, 

The  foUowIiig  table  la  Intended  especially  for  nse  in  liutniotloa  in  Mineralogy.  With  tUi 
end  in  Tiev  it  ii  limited  to  those  species  described  in  fnli  in  the  bodj  of  this  work,  axA  Um 
method  of  •rrangenent  has  been  made  to  conform  m  nearly  aa  pMHible  to  the  chemical  a^i- 
f>m  of  oloBlSoation  theie  followed.  Table  II.,  on  tb^  oontrary,  la  made  to  eubnuw  aO 
apeotci  whose  raTstalline  system  is  known: 

Oentrai  Biheme  of  Ctattiflealion. 

L  MALLEABLE,  OE  BMINENTLT  SECTILB. 

Many  of  the  nofiM  nuUitt  ore  here  Incladed. 


n.  TAPORIZABLE,  OE  B.B.  EABILT  YIELDING  FUMES. 

miUt,    etc,  I 


Part  L  Wkollt  Tapobizabul 
2.  Loatre  metallia 

Part  n.  TlELDTHO  FUKBB  RKADILT,  SDT  ROT  WHOU.T  TaFORIZABIA 


m.  K07  MALLEABLE;  NOT  TAPOBIZABLE,  NOR  EASILY  TIELDI!{Q  FtnCBR. 
Pan  I.  LnsTRB  Mbtallio. 


Part  n.  LCBTRK  tTxiUTALua. 
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S.  Ohromat**. 

4  BlUoatM,  Pboiplutai,  OxldM  (pt.),  ato^  ■!» 

J.  Streak  Coiortd. 

!■;  B.  Do  not  gelal 

n.  Streak  UTUohrtd. 


B  EydiDiu;  ^  Anhjdimii. 
B>  Do  not  gelatinJia. 

a  Hfdroiu ;  P  Anhydnnu. 


L  MALLEABLE  OR  EMINENTLY  SECTILE. 

1.  Zwirs  melaUie. 

(■)  Tietiling  B.B.  no  fames.— Oou>;  Silteb;  Fi^TDrua;  Fallisidk;  Cc^fBS; 
Ikoii  (pp.  921-22(t). 

(^)  Tielding  with  soda  en  charcoal  a  ulver  globule. — AnaEmtTS  (p.  2S5),  and  AcAV^ 
THITB  (p.  289);  jield  nlao  golphurous  fumeE. — Hgssitb  (p.  389),  also  tellorio  fomea. 
i.  Irtutre  itnmelailic. 

On  charcoal  a  silver  globule.— Cbr4mtbite  (p.  S60). 

IL  VAPOEIZABLE;  B.B.  yielding  (i 

Part  L  Whollt  Taporizable  :    readily  pftsaing  away  in  fumes  when  heated  on 
charcoal  (if  pure  and  free  from  gangae). 

1.  Ldstrb  Unhetaluc 

1.  Fames  Bnlphnroos;  baniing  with  a  fiame. — Sulphub  (p.  388). 

9.  Fames  antimoniol.— Valsntihite,  aeoannonlite  (p.  284). 

8.  Fumes  arsenical.— Rbiloab  (p.  3:JI).  color  red;  Obpiubmt  (p.  381),  color  jelknr, 

4.  Fume»  meccarial.— Cihhabab  (p.  340). 

3.  LusTKB  Ubialuo. 

1.  Fames  salphnrona;  with  also  fumee  of  antimony,  bismnth,  eto.— SrtBirrrE  (p.  2S2); 
BieHtrrHniiTEfp.  3:13);  soroe  tetradymite  (p.  388). 

2.  Fumes  selenial  or  telluric. — Claustbauti  (p.  386);  TBTBiDTinTB  (p.  2331. 

8.  Natitb  Absenio,  AifTiKONT,  Bishutb,  and  TsiiiiBtDH  (pp.  226,  W.)    Some  CaxM 
SAB  (see  above)  has  a  metallic  lustre. 

'    WHOIJ.T 

1.  Ldrbb  UrnnALLia 

1.  Fumes  snlpharons  &lone.— Bphalcbitk  ^p.  287),  ishudble;  OBXmioacm  (p.  342). 

3.  Fumes  sulpharous,  and  (•)  antimonial;  or (^)  araenlcol,  yield  a  bead  of  silver  witii 
loda  on  chanmal.— (>)  Mlumtbiii  (p.  349);  PnuEOTBiix  (p.  aSZi.—(fl)  Ptavwrra  (p.  SB8X 

n  .J  ii/j'- ■;■-  V-  it.n.is;iC 
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'  S.  Lnents  METAu:.n); 

1.  Fnmea  Brsmiical. 

a.  Oacharcoalainagnetlcbeadormus.  (■)  In  the  closed  tnbe  unaltered. — Codal^ 
m  (p.  24U).  (B)  Do.,  a  sublimate  of  usenio  mlphide.— Axbkhdptkitic  (p.  247),  color 
■ilver-white.  yieli\a  also  metallic  arsenic;  GGBSDO&rnTB  (p.  246),  color  atlTer-wbite  to 
Bteel-graj,  B.B,  decrepitates;  Tkknartit»  (p.  26«);  color  iroD-black.  <t)  Do.,  a  taint 
white  crystalline  ^iiiblimate  of  arsenoos  oxide.— Niccoutb  (p.  S42),  color  pale  copp«r-red. 

b.  With  soda  on  charcoal  a  malleable  bead  of  metallic  lead.— Sabtorite  (p.  2S0), 
decrepitates  strongly,  G=S-89;  DuFaKKOTBiTK  (p^851),  G=B{56. 

c.  Do.,  metallic  copper.— DoMEISITB  (p.  334},  color  tin-white  to  eteel-graf;  E)rA»- 
filTE  (p.  3ST),  color  iioQ-black.   , 

S.  Faroes  aaiimoDial. 

a.  With  Boda  on  charcoal  yield  mrtalllo  oopper,  {The  bead  dbt^ed  maj  alao  ha 
tested  with  boras.)  (e)  Contains  oopper  and  lead. — BodutamTE  (p,  2S8),  color  steel-gray, 
G.=5-7-3B.  (fi)  i.'oiitaina  copper  and  silver.— PoLYBiarrB  (p.  287),  color  iron-black,  (y) 
TETRAHEsarrB  (p.  SSS). 

6.  Yield  silver  or  lead  but  do  copper.  (.)  Contain  silver.— Btstrasite  (p.  284), 
Q.— B'4r-B8,  color  and  streak  ailver-wh;to;  FaKiESLEBEinTB  (p.  S58),  G.=6-a-4,  cobr 
and  streak  light  stoel-Kraj,  yields  alao  sulpburouB  fumes; — Stefhanits  (p.  256),  G.  =  6-27, 
color  and  streak  iron-black;  PYBABOTarrE  (p.  252),  and  Miakotbite  (p.  24B),  have  both  a 
red  streak,  (p)  Contain  lead;— Zinkbhits  (p.  250),  G.=S30-B86;  Jakksonite  (p,  201), 
G.=6-5-5-8;  BouLAJCOBKtTS (p.  364),  Q.=5-75-6. 


, . = -v> IT     —It  color  dart  steebgraj,  contains 

iklso  silver. 

i.  Tield  a  magnetic  bead  or  mass  on  charcoal.  (■)  Tield  free  snlphar  in  the  cloaed 
tnbe.— Pybitb  (p.  218),  G.=4-8-5'2;  Mabcashs  (p.  347),  G.=4-7-4-8;  «oiiie  linnieite 
(see  below),  (ffj  Unchanged  in  the  closed  tube. — Pvbrhotitb  (p.  241),  color  reddish  bronze- 
yellow,  maxnetlc;  MiLLBBtTBlp.  341),  color  braes-yellow,  with  borax  a  nickel  reaction;  Litr- 
KStTB  (p.  24S>,  color  pale  steel-gray,  contains  cobalt. 

e.  Vields  metulic  lead  on  charcoal. — Galbhttb  (p.  28S),  color  lead-gray, 

d.  Not  indaded  in  the  above.— Moli;bdbnite  (p.  238). 

4.  Fumes  mercnrial. — Aiuloav  (p.  326). 

5.  Pnrnes  telluric.  (■)  Contain  silver  or  gold.^n-VAMin  (p.  348).  color  steel-^fTay  to 
^ver-white,  brittle;  HgaaiTE,  Fetzite  (p.  388),  color  lead  te  steel-gray,  sectile.  ^)  Con- 
tains lead.— NAOTAona  (p.  ZW),  color  black  lead-gray,  foliated. 


m.   NOT  MALLEABLE;   NOT  VAPOETZABLE,   NOR    EASILT   YIELDING 
FUMES. 

Pait  I    Ldstrb  Metallic,  or  Subjotallio. 

1.  St&cak  Usuetallic. 

A.  Infiml^,  or  FueOh  vnth  gnat  diffletOtf. 

a.  Beactlon  for  mangant»t  with  borax. 

{«)  AnKydrow.~V-nOLVinK  (p.  878),  G.=482.  H.=3-aB,  streak  black  (brau. 
nite,  bansmannlte,  fp  277);  PaANKLisirE  (p.  27111,  often  in  octahedrons.  Q.  =  B-07, 
H.  =  B-IJ-6-S;  streak  dark  reddish- brown;  yields  zinc  B.B.  Some  Columblte  (pp.  880, 
433). 

(#)  .^iJroM.— MAKaAMiTE  (p.  380);  PstLOiiELAH«  (p.  382);  Wad  (p.  283). 


H.UyiV 
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b.  Beaction  for  iron :  become  magnetic  apon  fgDition  in  B.F. 

(>)  Anhydrout. — MAaNBTiTB  (p.  3T3|,  Btreak  black,  magnetio  ;  Hsiutitb  (p.  BtSi, 
■tresk  cheiTT-r«d.  Contain  tiutoium.— Mehaccahitb  (p.  36EI),  G.=  45-fi,  Btnak  black  U» 
txownisb-rea ;  Rutile  (see  <f  belov).  ConbuD  tantalum  or  oolambiam. — Tamtautm  (ct. 
859),  G.=7-8;  ComimiTR  (p.  360),  0.6'4-a-5.  CraitaiDS chromiiim.  Crboute  (p.  27^0. 
streak  brown. 

(B)  S^rfrou*.— LwoNTTB  (p.  880),  atreak  Tellowiah-brown,  Q.=8-6-4.  only  massive; 
QiVrHTTElp.  280),  streak  same,  li.=4-4'4.  often  in  CTfstals;  TvKaiTB(p.  279),  stnak  nd, 
decrepitates  etronglf  B.B. 

e.  lieaction  for  zine  on  charcoal. — Zincitb  (p.  266),  streak  oiange-jetlow. 

d.  Reaction  lor  fifaniUTn.— Rutile  (p  27S);  Octabedeite  (p.  277);  Bbowotb  (p.  277); 
Pebofbette  (p.  270). — Euicnite  (p.  862),  contains  colnmbium. 

«.  No  reactions  as  above.— Ycteotaktalitb  (p.  861). 

B.  PatMt. 

a.  Eeaction(ortron,becomemagnatic.— lLTAiTB(p.  808),  G.=8-7-4'8!  Atuifirs  (p.  808)1 
G.=8-4-2;  WoLFEiMiTBfp.  883),  G.=71-7-5;SAM*ESKiTE(p.  861),  G.=8-4IWH». 

b.  Reaction  for  eojipcr.— Tbhoeite  (p.  26T);  Cdfiutb  (p.  2Ufl). 

2.  Stbeae  Metallio. 
No  metallic  bead. — QRAPaiTB  (p.  230);  Ibidobmihe  (p.  224), 

Part  II.      LCSTRB  UhmbtaiXIO. 


1.  iNEtrSIBLE. 

a.  No  meta&io  reaction,  or  only  traces;  assaj  alkaline  (p.  305)  after  ignitioD. 

(')  Anhydrous. — Effervesce  Ireelj  in  the  moBg  in  cold  dilute  acid  ;  CALcm  (p.  89B>, 
0.=2'5-2'8i  Abaoonite (p.40S),  U.=2'9;  BAKyTocALdTE{p.  408),  contains borinm.  BIIm'. 
vescence  wanting  or  feeble,  unlesa  very  finely  piilvemed  or  heated;  DoLOItrnt  (p.  401); 
MAaSBStTS  <p.  W2). 

(#)  Hydrous. — Htdeokaqbesitb  (p,  408). 
(.  A  decided  reaction  for  iron ;  become  magnetic  npon  ignition. 

SiseenE  (p.  40S| ;  Ankbbite  (p.  402).    Also  mesitite,  piatometrlte  (p.  403),  and  soom 
Tariaties  of  the  preceding  carbonates. 
e.  A  decided  reaction  for  manganete  with  borax. 

Rhodocsrositk  (p.  403).    Also  some  varieties  of  Iho  preceding  oarbonatea. 
d.  Reaction  for  zirui  on  chmrcoal. 

(•)  Anhydrow.—Qxnsiosni  (p.  44).    (^)  ^^Jrou*.— Htdbozinoite  (p.  410). 


2.  FuBISLE. 

0.  No  metallic  reaction,  or  only  traces;  assay  alkaline  after  fusion. 

(»)  .dnftyifrous.— WrrHBBiTE  (p.  406),  <).-4'8,  B.B.,  a  green  flame  (baryta);  SnoK- 
TIAMITK  (p.  40B),  Q,=8-8--7,  B.B.,  a  rtrontia-red  flame. 

(flji^yrfrow.— G4T-LUBBrrB{p.  409);  Teosa  (p.  408). 
h.  Reaction  for  lead  on  charcoal. 

Cb&itssite  (p,  407);    FHOsaBHiTE  (p.  408),  conl&ins  lead  chloride;  Lbadhilliti 
(p.  890)  contains  lead  sulphate. 

c.  Heaetion  for  copper  with  borax. 

Bydroui.—TAAL/LCEiTE  (p.  411).  color  green;  Azubite  (p.  411),  color  aznre-blue. 

d.  Reaction  for  bismuth  on  charcoal. 

fydroM.— BisKDTiTR  (p.  413). 

*  Nitrio  acid  is  needed  onlv  in  the  case  of  lead  salts  (oen]ssite,phi>iB;eiiite,  leadbillita>. 
In  addition  to  the  proper  carboDates,  also  teadhitlito  and  oancrlnite  effervesce  with  acid, 
and  with  many  minerals  effcrrescense  may  be  caused  by  a  mechanical  admixture  of  calcito 
(«.;-,  woUastonite),  or  some  other  carbonate  (e.g.,  lanarkite). 
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1  ohonxMl  (p.  309),*  vhiab  vben 


1.  Soluble  is  Wateb  :  hoTing  taste. 

a,  GLiUBEBm  (p.  S&l);  Hikabilite  (p.  393) ;  Polyhauts  (p.  898); 
Alums  {p.  9BS). 
&  Copperas  groap  :  Vitriols.— CHiLCAKTHnEi,  etc  (p.  894.) 

S.  IneoLDBLB  in  Watxb:  having  no  twto. 

a.  Yield  no  metallic  1)ead.    Fusible;  assay  attiii>n«  att«r  foiion. 

<a)  JnAydratM.— BiBiTE  (p.  887),  Q.=4'8-4'r  a  jrellowiih-green  flame  B.B.;  Ctna- 
Tin  (p.  S88).U.=8-93'S-9T,  a  strontiared  flame  B.B.;  Aaan>BiTE  (p.  889j,  U.  =2-9-2  99. 
a  reddish-jellow  flame. 

O)  Jlydroua:  GTMnM(p,  898),  H.=l(S-3,  G.=2-8. 

b.  Enaction  for  alaminum  ;  a  ^lue  color  with  oobalt  solation  after  ignition. 

Hydrous:  Alqhinitb  (p.  886). 
e.  Beaction  for  lead  an  charcoal. 

f>ta>6fe.— AnoLEBiTB  (p.  88S};  Ludhilltte  (p.  890),  contains  lead  carimnate. 
A.  Beaction  for  coppar  with  borax. 

BaooiiANTiTE  (p.  890);  Linakitk  (p.  890). 
e.  Beaction  for  iron  :  becomes  magnetic  af^  ignition  on  ahoicoaL 

COPIAPITK  (p.  li»5). 

8.  OOROMAl^S;  Afiord  a  chrominm  reaction  with  borax  (p.  SOS).  All  bilghtif 
colored,  and  haring  a  colored  streak. 

Cbocoite  (p,  SSS),  color  hTacinth-red,  streak  orange-jellow  ;  PffcsmcocHBOiTB 
(p.  880).  color  cocnineal-  to  hvacinth-red,  streak  briok-red ;  VAuquxLiNrrK  (p.  8S0),  color 
green  to  brown,  streak  greenlsn  or  brownish. 

4.  SIUOATB8,  PHOaPHATBB,  OXIDBfl  an  P>rt),  etc 
L  Btebak  Colobbd:  having  a  decided  color. 
1.  Ihtusiblb,  ok  Fusiblb  witb  obbat  DirriamTT. 

0.  Beaction  for  iron,  magnetio  afl«T  ignition  in  R.F, 

(•)  JnAvdrtnu,— Hbhatite  (206).  streak  cherry-red  ;  some  Rutilb  (see  e  below). 

(a)  Eydtva».-~'Li»asm  (p   280),  streak  yellowlah-brown ;  QOthitx  (p.  380),  stnak 
same  :  TunorrE  (p.  379),Btceak  rpd,  decrepiUtes  B.B. 
i.  Beaction  tor  maitganett  with  bomi. 

Bydivm.—V/kD  (p.  888);  Psilokklaub  (p.  282), 
e,  Beai-tion  for  tine  on  cbarcoal. 

ZiitciTBip.  860);  streak  orann^y allow. 

d.  Reaction  for  copper;  yield  metallic  copper  with  soda  on  charcoal. 

Hydrow. — DiopTASK  (p.  801),  color  emerald-green. 

e.  Reaction  (or  Utanium :  with  metallic  tin  on  evaporation  a  violet  color  to  the  hydro- 
chloric acid  solntton,  sometimes  after  f osion  with  potasiinm  bisulphate. 

Rutilb  (p.)  270),  Q.  =4-2  ;Wabwiceite  (p.  S^S),  G.=8'8,  moistened  with  snlphnria 
acid  dvei  a  green  flame  B. B.  (boron).— 3oine  Pyrochlore  (p.  859);  and  Ferofskite  (p.  370). 
/.  Reaction  for  tin :  yields  the  metal  ivith  soda  on  charcoal. 

Cabsitbbitk  (p.  8761,  G,  =8-4-71. 
g.  Not  included  in  the  above. 

(°)  Phoephates ;  moistened  with  snlphnrio  acid  give  a  blnish-green  flame  B.B,— 
UoKisiTEip  808).  G.=4-ft-JJ-30;  XBNOTiiiE(p.  804\  a,=4-4%4'aO. 
(0)  PraooBLOKB  {p.  830),  G.=4'S-4-8B  ;  FEsacsoiniB  (p.  SOS). 

*  Note  the  precaution  on  p.  800  ;  it  may  be  remarked  in  addition  that,  in  the  com  of  a 
•ulphate,  the  reaction  Is  generally  so  decided  that  there  can  be  no  ambiguity,  even  when 
the  gas  contains  a  little  sulphur.    In  all  cases  the  soda  on  ohatcoal  should  be  first  tcAad 


..,l,^H 


2.    FOSIBLB  mTHODT  TIMT  GRKAT   DotICULTT. 

A.  Otlaiinite  with  Add  (p.  208). 

Oive  B,  reaction  for  itvn. 

ILVAITE  (p.  300),  yields  liUle  or  no  water,  H.=S-K-6,  Q.=8-7-i-2,  ttremk  black, 
HtsiNOEHiTB  (p.  S54i,  yields  much  water,  H.=8,  Q.=8-04S,  streak  ToUowish-farown: 
Au.unTE(p.  W8),  H.=Q'(MI,  Q.=S-i-2,  streak gr^. 

B.  Do  not  Oelatiitite  with  AM. 

1.  Abbbnates:  give  arsenical  fumea  on  charcoal ;  after  thonm^  Toasting  yield  metallic 
reaetioas  as  follows: 

a.  Ii«action  for  irtm :  becomes  magnetic  after  ignition. 
Pkasmicdsidbbite  (p.  HTei,  color  olive-green  to  yellowish-htown  etc. 

b.  Reaction  for  eobali  with  borax. 
BftTTHBiTE  (p.  372),  color  rose-red. 

e.  HeactioQ  for  copper  with  borax;  also  give  a  green  flame  B.B. 
fijirotM— OLiTBNiTE(p.  878),  Q.  =4-1-4  4,  color  ohve-greon  to  brown  ;  LlBocainTK  (n. 
874),  G.  =3-88-^-es,  color  aky -blue  to  verdigris-green ;  CuNOCUarrB  (p.  874).  Q.=3'8-8-a; 
color  dark-green  (some  libetheoite,  see  below). 

S.  No  arsenical  fumea ;  reaction  for  iron :  beoome  magnetic  after  fusion. 

a.  ^nAydrous. —Reaction  for  lilaniiim:  ScHOBLomrB  (p.  SST),H.=7-7'S,0.  =3*882. 
maaaiTe.— Reaction  for  mnnffanete :  Tbiplitk  (p.  669),  H.=3'44-3-88,  a.=4-S-S,  ctdon 
the  flame  bluish-green. —Struture  micaceiious  :  LEFiDOHSLAinc  (p.  818). 

ft.  fljfirow.— Give  a  bluish-green  flame  B.B.;  VmiHiTB  (p.  871).  H.=I-5-2.  6.= 
3'68-S'68,  streak  colorless  to  indigo-blue  {on  exposure);  DticBEiniB  (p.  8^  fi.=8'5-4,  8. 
=83-84,  streak siakin-green. 
8.  No  arsenical  fumes;  reactionforoo;>pcrwithborai,  yield  an  emereld-gieen  flame  B.H 

(■)  Anhydrov- — Cupbite  (p.  266) ;  TENO&rrB  (p.  287),  color  steel-gray  to  black 

(S) i^dnius.— Structure  micaceous;  Tobbbknub  (p.  878),  H,=2-35,  Q.=8-4-S-t. 
— LiBBTHSinTB  (p.  878),  H.=4,  G.=a'6  8-8;  PsEUDOuiAcErrE  <p.874),  E.=4'5-JSl  Q.= 
4-4-4;  Ai^AMiTE  (p.  set),  H.  =8-8-6,  G.=8-8 


n.  Strkak  Uhcolokid  ;  sometimes  ali^tly  grayish,  jeDowisli,  eta, 
1.  InruBiBLx,  OB  FnsiBLB  ttth  xuqb  Ddttcultt. 
A.  O^atiniee  with  Add  forming  a  tlijf  JeBj/, 
Reaction  for  iron  with  the  flnies. 

');   CHONDRODm  . 

charcoal,  after  being  heat«d  with  soda. 


^^~~Uhbtsoi.ite  (p.  300);  CHONDROorrE,  HuwrB  (p.  836-829),  yield  flooiina. 
DTKeaction  for  2(ni     "  -■---      .     ~     .   ■      ...     >.. 


e.  Reaction  for  alanmmm  ;  a  bine  colto-  with  oobalt  solalkn  after  iguitioa. 

ALLoraiHB  (p.  841),  amorphous. 
d.  Reaction  for  magnetium:  pink  color  with  cobalt  solution  after  ignittan, 

Sbpiolite  (p.  84B),  in  soft,  white,  compact  masses. 


K  A)  not  fom  a  perftet  JtB^  viGk  AeU. 

1.  Sydrout, 

a.  Beaotlon  for  alumtnunt  .■  a  bla«  otAta  with  oobalt  aolntlon  aft«r  ignttioii. 

1.  PhMohate*:  giTeablulsh-green  flame  B.B.,  espeetaUyafterbeiDgininBtenadwftt 
nilphmrio  acii— WarBLun  (p.  87S),  ocdor  white  to  gicen  to  black;  LantUTB  <p.  VK), 
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color  unn-blne,  with  borax  an  iron  Traction ;  Tubquois  (p.  STT),  color  iky-blne  to  appl» 
green,  with  borax  b  copper  feution. 

2  Hgdrwia  liticalea. — StructnieniicAceons;  Maboabitb  (p.  SB7),  yields  mach  water; 
also  some  hydroas  micas  (see  p.  S5S). 

Kaolutrb  (p.  8S1}  nsuBilf  compact,  soft,  nttctnons;  PntopHXLUTB  (p.  84S),  aatt, 
yields  much  waUr. 

3.  OzttJM.— QiBS9iTis(p.  38'3),H.=:^-5-8'5,  UBually  in  stolactitio  fonns;  Diaspobr 
(p.  379),  U.=6'S-T,  in  crystals,  scales,  and  foliated,  usually  decrepitates  B.B. 
b.  Reaction  (or  magnesium:  a  pink  color  with  cobalt  solution  after  ignition. 

Bkucitb  (p.  281),  soluble  in  acida;  Talc  (p.  348),  yields  water  only  on  intense  igni- 
tion.    Also  aome  serpentine  (see  below). 
e.  No  reactions  as  sboTe. 

Opal  (p.  383),  H.=6-7.— SEBPraxnra  (p.  8B0),  H,-3d-4;  Crlobitoid  (p.  858), 
fl.=5-5-fl:  GENTHrrE  (p.  3B1),  yields  a  reaction  tor  nickel  with  borai.— CHBrsoooii*  (p. 
.888),  H.^3-4,  oolois  the  flame  emerald-green  (copper). 

S.  AitAydivut. 

a.  Beactloa  for  atarainmH .-  (When  of  great  hardness,  pnlTeriilng  is  neeeiaary), 
(•-)  Deoomposed  by  acids.— Leucite  (p.  818),  H. =6.^-6. 
ip)  structure  eminently  micaceons,— HuscovrrE  (p.  818). 
(y)  Cobundum  (p.  267),  H.=9.  B.=i,  rhombohedial. 
GmtraOBBBTL  (p.  374),  H.  =  8-S,  (}.=3'7,  color  green. 
Topi»(p  BS3),H.=8,  G.=8B.  in  prisms  of  124',  cleavauB  basal  perfect 
RiiBBLUTE(p.  830),  H.=T5,  Q.=&,  in  three- or  six-sided  prisms,  color  Tiolet,  roee- 
red,  reaction  for  boron  (p.  211). 

(AKD*LcsrrB(p.  831),  H.=7B,  a.=83,  inprisrosof  03'. 

i  FiBROUTB  (p.  331),  H.  =6-7,  Q.  =82,  brilliant  diagonal  cleavage. 

(CTAKiTB(p.  883),  H.=5-7,  Q.=3'6,asnally  in  bladed  crystals,  color  bine  to  gray. 


Spihbl  pt.  (p.  zh),  H.  ^8,  oomiD<aily  in  octahedrons. 


4.  Ko  reaotiofls  as  abore. 
1.  Hardness  7,  or  abore  7. 
Spihbl  (p.  271),  H.=B,  0=8-5-4-1,  ooouis  in  ootahednHu. 

OAHirrTB  (p.  373),  H.=7'6-e,  a.=4'4-4-9,  octahedral,  when  mixed  with  borax  gives 
ftiliio  Motineoa  obanwol. 

BEBTL(p.  309),  H.=7'6-8,  Q.=8'6-3*7,  always  In  hexagonal  prisms. 

PHBHAcrrB(p.  801),  H.=7-ft-8,  G.=8,  rhombohedial. 

OtrTAROvrrE  (p.  S04),  H.=7-5,  G.=8-6,  oolw  green,  ohromium  reaoUm. 

ZiBCOH  (p.  304),  H.=7-5,  G.=4'05-4-75,  lirconia  reaction  (p.  218}  often  in  square 

Stiobolitb (p.  886),  H.  =7,  Q.  =8-4-88,  always cirrtallised.  Ja/=I33'. 

loLiTB  (p.  811).  H,=:7-7-6,  G.=a-6,  color  blue,  lustre  glawf, 

QuABTS  (p.  384),  H.=7,  a.=3'6,  and  Tbidtmite  (p.  2b8),  G.=3-8. 
3.  Hardness  below  7. 

(■)  Give  a  bluish -gieen  Oune  when  moiateoed  with  sulphuric  add  ;  ZsKomai  (p. 
8«4) ;  HoxAsiTB  (p.  868):  Apatitb  (p.  814). 

(^  Beaction  for  A'faniufn.— BDTn.B  (p.  376);  BBO0KiTB(p.  377);  Ootahkdbitb  (p. 
877),  alwaysin  square  octahedrons;  PsBorBsrrB  <p.  370). 

(t)  Reaction  for  (tMWJten.— ScHntLiiB  (p.  88*).  H.^=a,  G.  =4-5-6- 

(<)  Not  included  in  Uie  abovei  Emratitb  (p.  290)-  Diallage  (p.  MS);  AnraoPBn- 
UTK  (p.  39S). 

3.  FoBiBU. 

A.  QAiU»ie^  Kith  JM  :  fonung  a  tl\ff  JOy  i^m  BoaporaHoi*. 


fUfi  APPKHVIX; 

1.  Bydrout. 

a.  Hardness  6,  or  above  5. 

Datoutb  (p.  834),  in  glassy  crystalB,  also  raral;  maasiTe,  DSTer  fibnHU,  fnaea  irith  a 
gTND  flame  (boron). 

Natboute  (p.  Si'i),  Q.  =3*17-2'^,  fusee  quletlr  and  easily  to  a  colorless  glaaa. 
gcoLECiTE  (p.  848),  THOHSOiriTB  (p.  S42),  on  nision  often  curl  up  in  worm-Uke 

(.   fiardness  below  S. 

Gmelinite  (p.  846),  R.  =4'S.  in  heragonal  or  rhombobedral  crystals. 
Pkillipsite  (p.  345),  H.  =4-4-6,  in  twinned  crystals. 
LAOiorrnTBfp.  38S),  H,=8B,  becomes  opaque  on  eipoanro. 


S.  AnAydrwu. 

a.  With  hydrochloric  acid  give  off  snlphnretted  hydrogen. 

Dasaute  (p.  803),  vith  soda  on  charcoal  gives  a  zinc  coatinc.  color  fleah-red  to  gnf. 
Hbltite  (p,  302),  manganese  reaction  iritn  borax,  color  yellow. 

b.  With  soda  on  charcoal  a  sulphur  reaction. 

Hautnitb  (p.  318),  color  sky-blue. 
«.  SoDALTTB  (p.  817).  reaction  for  chlorine. 
WoLLABToxTTE  (p.  291),  color  whit«,  lustre  ■v. 
l^EFBBLrrE  (p.  818),  bezagonaL 


B.  DonolformapBrfieiJeUgwOhSyineUoHeAeid. 

1.  Sydrout. 

1,  Stmotare  eminently  mfoaoeous. 

Ghloritat:  PBtmnnTK (p.  856);  RiPinoLrrB  (p;  8S6);  Pkochloxitb (p.  867);  lamfms 
tough  but  not  elastic,  colors  green  to  black',  only  partially  attacked  by  add. 

VermicuUta:  JBrFBBisiTE  |p.   865);  also  pyrosclerite,   etc..  colon  mostly  bnwn, 
ydlow,  also  green,  B.B.  eifoliate  lareely,  decomposed  by  acid  with  theaep^atitHiof  sillafc 

LEPIDOMEI.ARE  (p.  818),  color  black,  yields  a  m^^etic  globule. 

AurnNiTB  p.  (379),  H.  =3-2  5,  color  bright  yellow. 

Fahlonitb  (p.  853),  has  a  more  or  lees  tustinct  mloaceoos  stroctura. 
S.  Structnre  Rot  micaceous. 
1.  Reaction  for  iron;  leave  a  maguetio  residue  on  charcoal. 

(o)  Arsenates :  give  aisenical  fumes  on  charcoal. — SoOBODfn  (p.  876),  orthmhombici 

PKABMAitMroEKiTGCp.  876),  isomstric. 

(9)  Phogphaieg :  Kive  a  bluish.green  flame  after  moistening  with  salphoria  acid. 

CniLDREinTB  (p.  STT),  reacts  for  manganese,  fuses  only  on  the  edges,  H.  =4-5-& 

ViTiAtfTTB  (p.  B71),  H.::=l-6-2,  fuses  easily  to  a  magnetic  globule. 
2   Reaction  for  araenie  on  charcoal. 

Phakhaooutb  (p.  870), 
8,  Borates :  gi  ve  a  deep-green  flame  af t«r  moistenine  with  eulphorlc  add. 

BoBAxtp.  8Sl);  Bo&Aorrs(p.  881);  Ulbziib(p,  861);  Bu8»xrrB(p.  88(^ 
4.  Hot  iDclnded  above. 

(■)  Hardness  6,  or  abore  6  (Bpatlt«=5). 

Pbehmitb  (p.  840),  H.=e-e-S,  color  apple-green  to  white, 

Akalciis(p  84-^),  H.=6-6'6,  fuses  quickly  to  a  clear  glass. 

PBcroUTB  <p.  887),  H.  =0,  usually  in  oggregattoDs  of  adonlar  orjstaliL 

Afopbillixi  (p.  840),  H.=:4-5^,  B.B.  a  rlolet^bloe  flama. 
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DETERMIHATIOK  OF  HDIBBALS.  S17 

(^)  Hudness  below  0. 
PiNiTEfp.  S52),  H.=i3-5-3-6,  compact. 
Pachmoute  (p.  285),  H.  =3-4,  yieldB  flnorine. 
CBABASiTB(p.  844),  H.=4r-5.  rnombohedral. 
Apopbtlutb  (p,  840),  H.=4-6-C,  tetmgoiiRL 
Hakmotome  (p.  346),  H.=4-S,  usually  m  compoimd  oiTBtali, 
9»iLBiTB{p.  846),  H.=35-4. 
HBDUKDrrE{p.  MT),  U,=3-S-4. 

3.  Anhsdimu 

1,  Yield  metaUin  lead,  with  sods  on  charcoal. 

Ptbomobphitb  (p.  868),  color  green,  gives  «  blaish-green  flame  on  tnMoti. 
MiMETTTE  Ip,  88(1),  color  yellow  to  brown,  yields  aneoical  fumea  on  ohaccoal. 
ViHADnnTE  [p.  367),  color  brownish-yellow  to  reddish-brown,  with  bonz  R.F.  an 
emerold-j^reen  beoil. 

WVUKHITB  [p.  884),  color  bright  yellow  tc  red,  reaction  for  tungsten. 

2.  Beaction  hijtuorine,  with  sulphuric  acid. 

(>|  Give  a  btiiiBh-green  flame  after  mcisteniug  with  snlphoric  acid. 
AHBLrooNiTB  (p.  869),  gives  a  lithia-red  to  tbe  flame. 
Tbiplitb  (p.  309),  a,  strong  manganese  reaction. 
Wao\ebitb  (p.  868),  color  yellow  to  grayish, 
<P)  Fluobite  (p.  2^),  cleavage  ootahednt,  perfect. 
Cotoutb  (p.  264),  fusible  in  the  flame  of  a  candle. 
LKnDoLiTE  (p.  314),  color  pink,  structure  micaceoua. 
8.  Seaction  for  tithia :  give  a  pnrple-red  color  to  tbe  flame. 
SroDiniKSE  (p.  20fi).  H.^fl-6-7,  G.=8-13'8-18. 

TaiPHYUTEfp.  889),  H.=.^,a.=8'54-S'6,give9abluiBh-gTeencol[>rtotheestremitT' 
of  the  flame. 

The  mica  1epidolit«,  and  also  mme  biotite,  give  a  lithla  flame. 

4.  Beaction  for  tron  with  the  flnies. 

VEauvuJHTE  (p.  805),  tetragonal,  H.=6-5. 
Epidoib  (p.  807),  monoclimc,  H.=6-7. 
Oarkkt  pt.  (p.  3031,  is  isometric,  H.=6'5-7-5. 
Lbpidomelane  (p.  318),  structure  micaceous, 
Htpexsthkne  (p.  £90),  orthorhombin. 
Hne  fall  also  dark-colored  varieties  ol  Ahpbibolb  (p.  208),  and  Pxkozxve  (p.  203). 

5.  Beaction  for  manganese  with  borax. 

Bhodonfte  (p.  294),  color  nsnally  roae-red. 
BpEesASTTre  (manganese  garnet,  p.  804). 

6.  Reaction  for  titanium. 

TlTABTTK  (p.  886). 

7.  Beaction  for  tungslen. 

SCHEBLITB  (p.  884). 

8.  Not  included  in  the  above. 

HiLiTK  (p.  269),  Stlvite  (p.  260),  soluble  in  water. 

Micas  (pp.  81 1-814),  structure  eminently  miosceoos. 

Apatite  (p.  804),  H.=G,  0.=2'9-S'25,  a  bluish-green  flame  after  moistening  witti 
Bulphnric  acid. 

Pyroxene  (p.  892),  H,=6-8,  G.=8-2-SS,  monoclinio,  angle  of  prism  98=. 

AMPHIHOI.B  (p.  286),  H.=5-«,  G.  =  2-9-84,  monoclinic,  angle  of  prism  (cleavage 
perfect)  134^° 

ScAPOLiTBa  (pp.  815-318),  H.=6-6*5,  G.=3-5-a-8,  tetragonal;  B.B,  fuse  with  intu- 
mescence to  a  blebby  glass. 

ZotsrrB(p.  808),  H.=:e-6'S,  G.=8-l-S'38,  orthorbombic;  B.B.  bvfgUs  up  and  fuses 
to  a  blebby  gWs. 

Feldspabs  (pp.  819  to  826).  H. =6-7,  G,  =26-8 -8,  cleavage  in  two  directions  at  right 
angles  or  nearly  so;  B.B.  fnse  qnietiv  to  a  clear  glass. 

AxiNiTB  (p.  8101,  H.=6  5-7.  Q.=8-S7;  B.B.  reaction  for  boron. 

TouRMAUifE  (p.  829),  H.=7,  Q.=2-9-8'8;  no  distinct  cleavage,  commonly  in  threa 
or  six-sided  prisms;  B.B.  reaction  for  boron. 

GAai(ET(p.  802),  H.=6S-7-5,  G.=316-4-8,  isometric. 
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618   .  AFPSKDEE. 

TABUI  n. 

Mineral»  Arranged  Aeeording  to  (heir  CryttallizaiioR. 
The  following  table  cootaias  the  names  of  all  distinct  species  whose  CryEtBUine  Sjston 
us  known.     For  convenience,  howeTcr,  the  Dunes  of  those  which  are  described  in  detail 
in  the  bod;  of  the  work  are  printed  in  small  capitals.     The  species  in  e«ch  gnrap  are  ar- 
raoged  according  to  Ihelr  apeciBc  gravities. 

I.  CRYSTALLIZATION  ISOMETRIC. 
A.  LuBTKB  Ummetallic. 


Ral  Ammoniao  (p.  £00). 

Alum  (p.  395) 

Faujasiletp.  844) 

Sylvitb  (p.  2B0i 

HiLiTB  (p.  259) 

Chlorocslcite  (p.  300). . . 

Kreinersite  <p.  361) 

SOUALITE  ip.  817) 

AifALcnB(p.  a4S) 

Noaite  (p.  818} 

RalstoDite  >p.  Se.ii .... 

Hautnitb  (p.  818) 

?LmiciTB(p.  818) .... 

Oldhamite  (p.  285) 

Po]lucite(p.  S!i9) 

Pbibmacosider[te     (p 
876) 

BORACITE  (p.  381) 

Fluoeitb(p,  26^ 

Nitrobarite  (p.  4&}) 

HELVTTElp.  80-3) 

Oabkbt(p.  803)... 

DAHAIJT&{p.  303) 

Hauerite  <,p.  244) 

DiAHOHD(p.  338) 

Fericlasite  (p.  2G7) 


8pec.0ni[lT 

Uvdneu-I 

1-58 

1-0-3 

1-50-2 

2-3-0 

1 

1-9-3 

a 

3-1-2-86 

8-5 

3-14-a-4 

5-5-6 

2-3-3-39 

6-5-5 

236-2-4 

5-5 

4-5 

3-4-3-5 

5-6-5 

3  4-8  56 

5-5-0 

2  08 

4 

3 '9 

6-5 

29-3 

3-5 

a-97 

7 

8-19 

4 

81-3  3 

6-6-5 

8  15-4-8 

0-5-7-5 

8-43 

5-5-6 

8-46 

353 

10 

367 

6 

Arwnotite  (p.  284) 

iNantokitelp.  1^60) 

SpIKEl.(p.  271) 

Hercynite  (p.  2T9) 

Alabandite  ip.  23^. , . . 

Percylite  (p.  263) 

Spbaleritk  ip.  a?).., 
?  Peeofskite  (p,  370). 
Chrompicotite  (p.  874) , 

Tritomitalp.  840) 

Ptbochlore  (p.  859). . . 

Pyrrhite  (p.  859) 

Qahhite  I  p.  3:3) 
Thorite  (p.  840) . 


Hatehettoiite(p.'42(Q! 
iManganosite  (p.  481). . 

Senarmonile  (p.  884). 
lEniboliccip.  360) 

Mierolitelp.  859) 

Cebarotbite  (p.  3G0).. 


Bromjrite(p.  200).. 
CUPEITK  [p.  366)  ... 
BiUytitefp.  802).... 
Bnnsenite  (p.  367) . . 


Bpec.  GratllT  Hudont 


8-5-41         8 
8-9-8116      7-6-8 

8-05-4  1  8-0-4 

12-6 

8-»-4-8  I  S-5-4 

4-04  I  S-5 

413  I  8 

8-9-4-7  I  5-5 

42-4-86  I  6-5-5 


4-8-6-4     ., 
4-77-4-8    ! 
G'I18 
5-3-5 -8 
5-8-6-4 
5  36-6-66 

5'71 
6-8-6 
5  8-016 
5-9-0 


B.  LnsTBE  Hetaluo  (and  Submbtaluc). 


Cubanite  |p  345)  . . . . 

pRBOt^EITE  (p.  270). . 

CHBourrB(p.  374).. 


I  Skutterudite  (p.  246)  . 

1  Poljarjfjrite  (p.  3i>7)  . 
Laurile  (p.  247) 

I  Argektitr  (p.  2i<5). . . 

I  Beegeritolp.  431) 

I  Galenitb  Ip.  285) 

lEOH  rp.  326) 

'  Cleveite  (p.  423) 

Hetacinnaboritelp.  241) 
Clausthalite  ip.  r 
Naumannitc  (p.  83J 
Altaite  (p.  887). . . . 
C0FPEB(p.  226) 


Binnitefp.  351) 

HagneaioFerrite  (p.  278). 

Jacobsitc  (p.  372) 

Cor;iiite(p.  247) 

BOBMITB  (p.  237). . 
Tetbahbdrtte  (p. 


Ll.-1K.XITB  (p.  3M) 

PTRrrB{p.  848) 

Maohbtitb  (p  272) . . . 
Frankuntte  Ip.  37S). . 

Julianiteip.  830) 

OrQnaiiite'p.  337) 

Oersdorppitb  Ip.  246). 

COBALTITE  (p.  346).  .  .  . 

u -■    — 


Smaltitr  (p.  ! 


4-0t-4-2 

4 

404 

6-5 

43-4-6 

55 

4-4-4-5 

8-5^ 

4  48 

4-5 

40 

4-75 

6 

4  99 

4-5-5 

4  ■4-5-5 

8 

4-5-51 

4-R-5 

6-5 

4-8-5-3 

6-6-5 

4-9-5  3 

6-5-6-5 

5  07-609 

6-5-5-5 

513 

soft 

5  13 

4-5 

5  0-0-9 

6-.5 

6-68 

6-6 

6  3-6-5 

5-fi-5 

0  4-7-3 

5-5-8 

6-7-0-8 

6fl7 

6-99 

7-3-7-4 

7-27 

7-35  7-7 

7-8-7-8 

7-49 


Mo.v..,>ip  i28)...;... 
I  Palladium  (p.  334). . . 

I  AKALOAMIp,  880) 

l,Gk)LD  Ip.  231) 

I   PLATINUMfp.  333).    .. 

jlPlatiniridum  (p.  924)  . 


a-6-» 

4-5-5 
3-8-6 
2-5-3 
4-4  5 
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DBTBHHIKA-nOIl   OF   mREB&I^  519 

The  ccmmonly  ocsarring  forms  of  some  of  the  Isoaietrie  minerals  are  as  follows; 

i.—Oelahedrang. — Alum;  Chronuw;  Cuprite;  Diamond;  Pranldinite;  HBtthettolite; 
Magnetite;  Microlite;  P;frochlore;  Kulstonito;  Spinel  (iacL  hercynite,  etc.);  Uraniiiito  {aod 
cleveite).     A]3o  Laurite;  Pjrrhit^;  Sena rmoo Lite,  and  less  cotnmooly  Galenite;  Fluonte. 

3.  Cu6e«.— Boracite;  Cerargyrile;  Fluonte;  Galenite;  Halite;  Parejlite;  Perofgkil«; 
Pharmacosiderite;  Pyrite;  SyUite. 

8.  Dodeca/iedroni. — Amaigani;  Cupritn;  QarDot;  Magnetite. 

4   Trnpezohedron*. — Garnet;  (?)  I^uclte;  Analcite. 

6.  Pyritohedron*. — Cobaltite  ;  Qeradorfflte  ;  Hauerite;  Pyrite, 

The  Cleavage  of  Halite,  SyJvita.  Perielasite,  Galeoite  is  eminently  ewM< ,- — of  Flnorite, 
Magnetite,  Diamond,  eminently  oeiahedrai; — of  Sphalerite,  eminenUy  dodeeahedrai. 

TL  CBISTALLTZATION   TETBAGONAL. 

A.    LlJSTBE   nifKETALUC. 

Spec.  Onvll;'  HonlnH 


Hellite(p.  412) 

Apophtlute  (p.  S40^. . . 

Lceveite  (p.  8LI4). 

?  Leucitb  (p.  818)  . . . 

Samolite  (p.  816) ' 

W8BHBUTB   (p.  316)... 

Meionub  I'p.  3lS) 

BdingtoDite  (p.  341)...! 

ChioLitB  (p.  264) I 

Sellaitefp.  2S4). I 

Gehlenite(p.  itSl) ' 

Meliliite  (p.  300) | 

Chodneffltefp.  3il4) ' 

Zeunerite  (p.  379) | 

Vesutianitb  (p.  ?05)..| 

TOBBEBNIIE  (p   378)..  J 

Kochelite(p.S63). i 


Adelpholite  (p.  868). . 

OCTAHEDRITB  (p.  S77) 

iRi3Tii.s(p  aiev.;... 

iXekotihe  (p.  804).., 
|ZlBCON(p.  301) 

lAzorite^.  358) 

|Romeite(p.  870) 

ISipylito  (p,  *j8) 

hlonimolite  (p.  STO). . 
ScBKELITE  (p.  384) . . . 
,Phosoenite  (p.  408), 
Calomel  |p.  260). , .  i . 
Cassite&ite  (p.  S7G). 
WULFEinTEIp.  884).. 

|Eosite(p.  885) 

IMatlockite  (p.  S63)... 
Stollite  (p.  884) 


8  8-8-95 

4-l8-4-a.'5 
4-45-4-6« 


4-7 

4'sg 

5  04 
5-9-8  08 
ft-6  8 
648 

e'4-7'1 

6-701 


7-3 


8-5-4-« 

S6-« 

6-6-5 


4-5-5 
4-6-5 
2-75-a 


B.  LuBTBB  Metallic  (and  Subuetallic). 


Chalcoptbite  (p.  344). 
Staonite  (p.  345) 


41-4-8 
4-8-4-5 
4-72 


Braunite  (p.  377) 

pEBOnSONITB  (p.  803). 

Naoiaoite  (p.  34t>).. 


4'7S-4-8      6-6B 
6-84  5-8-8 

68a-7-3      1-15 


in.  CRYSTALLIZATION  HEXAGONAL. 
A.  LtJSTBB  nmiBTAi.uc. 


SpecOn.Tlly|Hi»diH!». 

Spec  Omylly 

Hirduew 

Ettringite  (p.  395) 

1-75 

a 

Pjrosmalite  (p.  840)... 

8-33 

44-6 

2-ai 

3-3-5 

iDroelite  (p.  BflO)  R  .  , . . 

Ghelinitb  (p,  345)  E*. 

2-04-3-17 

MAQNKSITKIp.  402)R.. 

8-5-4-6 

Ckabaiite  (p.  844)  R.. 

a  ■08-2-19 

4-5 

Cronstedtite  (p.  867)... 
DioPTAsBfp.  aoi)  R... 

885 

3-5 

Levynite  ip.848)R  ... 

21-216 

4-4-5 

8  85 

6 

Zincalummite  (p.  440). . 

2-26 

2-5-8 

'RnoDociiBOan-B  (p.  403 

3-28-283 

7 

CancriniUip.  ;J17)...   . 

2-4 

3-4-8-5 

2-5 

ChalcophyUite  (p.  876). 

3-4-2  66 

3 

,SlDBRITB{p.  403)R-... 

8-7-8-9 

NBPHBLITEtp.  H16l 

2-5-3-66 

5  6-6 

1 

*  Species,  after  whose  names  an  B  a  written,  belong  to  the  Rhombobedral  DiTi^on. 


AFPKMDIX. 


ISpecGimvilr:  Htidne 


(jCTARTZ  (p.  384)  R 

CAU:iTE(p.  3a8i  B 

Microsommite  (p.  317)  . 

Alimite(p.  89Sj  B 

Bbbti,  (p  EBB) 

PSNHIKITB  (p  33al  B... 
Cataplelite  ip.  339). . . . . 
Dolomite  (p.  4  '1)  R. . . 
Eudial^  (p  399)  R  .. 
TauEHAi.iNE  [p.  B20)  R. 

ANKEBITE(p.  4:)3)R... 

Apatttk  (p.  384: 

Phenacite  (p.  301)  H... 

Sejbertite  (p.  3S8) 

Fnedelitc  (p.  1102)  R. . . 
Breuneriteip.  403)  R  . . 

WurUite  (p.  a42) 

CoBuimuM  (p.  267)  R. . . 


2-6-aw 

3-6-3-8J 

2-8 

3-8-3  fl 

3-»-3 

2-»4-3-3 

3-9.V3-1 

g  ■8-3-25 

390-3 

8-3  1 

3-07 


4:!5 


WILLBSUTE  (p.  3'tl)  B. 

SHrresoNiTE  (p.  4(>4)  R. 

Parisitelp.  4(j6) 

CoTellite  (p.  249) 

CcriCe  (p.  840) I  4«1 

Fiuooeritofp.  aW) I  4-7 

Gkeenockttb  (p.  242) . .    3  8-<'> 

ZiKciTE  (p.  3661 1  5-4-5-7 

loJjrite(p  Bfili) I  S6-5-7 

Pboustitb  (p  253)  B. .  .|  5-4-5J0 
fysABOTUTE  (p.  352)  II  G'~-5-9 
SchwartEcmbei^le    (p.  I 

'     262) 5-7-6-3 

Tysonite  (p.  4Jffl) I  613 

Pybomorphitk  (p.  306).l  6*5-71 
Vanawsitb  (p.  a67)....  (1-7-7-33 
MuifTiTE  (p.  366) 7-7-25 


2-2-5 
45-5 
8-5-4 


.  LitsTBB  Mbt&luc  (and  Sdbubtallic). 


SpccOf.-itj- 

H«nliif«..  1 

SpM.Gra%iv 

UwdMo. 

GBAPErTE  (p.  230) 

21-3^ 

1^         ,  Allemontite  (p.  227)-. . 

6 18-6  2 

8-8B 

8-91 

2-5          Uktimoxt  (p.  3i7)  R, . , 

6-6-6-7 

PTBRQOTlTECp.  341).... 

4-4-4  7 

3-5-45     iTEDBADYHITKIp.  333).  . 

1-1-5       NcccouTElp.sfe)   .... 

7  ■2-7-9 

2 

4-4-4-5 

7  8-7-7 

6-5-6 

Hbmaccaxite  (p.  2(18)  H 

5-6        .,»r.>ithauptitc  (p.  248). . 

754 

5-5 

Hematite  {p  ^63)  B... 

4-5-5  8 

5-5-6-5   Joseite  (p.  2;^) 

Bernchite  (p.  241) 

4-7 

8-35     i|\Vchrlile(p.  233) 

HlLLBRTTE  (p.  211)  R  .  . 

4-6-5-65 

3-8-5     '.  CiNKABAB  (p.  240)  R  . . 

90 

a-2-5 

Ptbaeqitbitb  (p.  252)  R 

5-7-59 

2^5     ,  Bismuth  ip.  227). 

9-73 

2-2-5 

Absesic  (p.  23a)  R 

5-93 

3-5         ;  [EUKisuiNB  (p.  231) 

TELLmtiux  [p.  337) 

6-l-e-3 

The  crjstAla  of  the  following  suKiies  are  sometimes  Pseudo-Heiaookai.  (see  pp.  96,  S7, 
Bod  168-!90'  as  a  result  of  repeated  twinnin);  : 

Aragonite,  cerussite,  chrysoberyi,  jordanite,  leadMllite,  milarite,  stephanite,  strontian- 
ite,  oithcrite,  sinbenitf. 

'Die  special  ot  the  miea  fjTOup  and  most  of  those  of  the  chtorile  groups  arc  also  Pseudo- 
Hexaqomal,  the  true  lorm  (monocliDic)  approximating  very  cloeel j  to  that  required  bj 
the  hexagoiuU  system. 

IV.  CRYSTALLIZATION  ORTHORHOMBIC. 
A.  Lustre  Ukxetalltc. 


Stravlte(p.  37.) 

liocontite  <p.  3J2i 

ApbthilAlite  (p.  39:1).- 
Bfascagnite  (p.  3 13}. . . 

EPM>!HTB(p.  !)94) 

Fauseriteip.  391) 

Mitm(p.  379) 

ETTthrosidorite  (p.  261) 
Newberjrite  Ip.  4:]2). . . 

Gos]anto(p.  893) 

SDLPHiTa  (p.  22% 

Natsoutb  (p.  3t3>. . . . 

yPUinitelp.  344) 

?Oi3monditeip.  341). 
EiidnoDhitc  (p.  344). . . 
Thoms6mte(p.  343).. 
Watellite  (p.  376). . . 

SCOBODFTB  (p.   375) 

^ralerite  (p.  300) 


ZoistTE(p.  30>i)  

Dafrenitetp.  878). 

,lALAMIN-E(p.  3S9) 

1 1  Astroph.vUite  (p.  813). 
'•  Htpebsihekk  (p.  'JflOr , 

'  Euchroiic  Ip.  3:3) 

'  DiASPOBE  (p.  279) 

'  CHETSOLlTEip,  803) 

[  L'ranorpioite  ip.  379) . . 

'OaPIMENT(p.  231) 

-5    Guariiiite  (p.  83li) 

SiTpieritc  .p.  436) 

Lanjint^  (P'  397) 

TRiPHYLrrE(p  369).... 

Topaz  (p.  33-2i  

Anlpnnite<p.  810) 

TaiFLiTElp.  SOB) 

i  Stauboutb  (p.  336). . . , 


Sp«.  (irmrllir'  HinliR 


31-3-38 

3-2-3-4 

316-3  9 

8-33 

8E» 

8-39 

3-3-8  5 

8-3-3-5 

845 


8-6-2 

8'4-3-8 

8-4-S-8 


5-6 

3-5-4 

6-5-7 


DBTEBMIKATIOK  OF  MINKRALa. 


Poredtoip.  847) 

KiouNnB(p.  861).... 

Finite  <p.  87ti) 

Miurite(p.  4-\2) 

Kiegrrite  (p.  3»J) 

loLITK  (p.  301) 

Lanthamtk  (p.  410).  ■ 

Talc  {p.  848) 

A8pidoliU[p.  312).... 

PlROFBILLlTE  (p.  349). 

Pblogopitb  (p.  Ai2). . 
Haidingerile  (p.  371). . 

FBGHlflTE(p.  8iO) 

Strengite  (p.  43*1 

Auiotonnsip.  40.ii... 
Ahiitdbite  (p.  8S0). . . 

Herderite  (p.  87U) 

ViUaTsitH  (p.  :<4 ))..... 

Fluellite  (p.  26i) 

DonburiteQip.  3[1,434) 
Manganoc^cite(p.  406). 

IHadaaite  (p.  231j 

Kupfforiteip.3aO) 

Sejtertiw  (p.  «58) 

TyroUte(p.  8r4) 

Beddingiu  (p.  A3.i)  . . . 
AUTUSITB  (p.  87&) ..... 
AHTBopRTLT.ire  (p^  290^ 
Ahdalubite  Ip.  831) . . . 

HimiTErp.  827) 

HoDticc]ht«  (p.  300j. . . . 
Eosphorite  (p.  428).  . . 
CaiLURKSiTE (p  877).. 
Bmstatite  Ip.  200) 


Spee.anvlty  lIuilnesL 


3  06-3-67 

2-0-8e7 

8-6-3-8 

a-73 

a-75-2-9 

a-78-2-es 

2-85 


1-3S 
8-3-5 
65-8 

3-.i 

7-7 '6 
a'6-3 
1-1-5 


2-8-3-8 

6-6-5 

8-87 

8-4 

3-83 

3-5-1 

2 -9-3 -98 

8-3-5 

3  88 

5 

3-99 

4-5 

3 

3 

7-73.1 

4-6 

8-0-. 

8-5-4 

3-08 

5-6 

3-^1 

4-5 

8-8-1 

1-3 

8-10 

3-05-819 

2-3  6 

3-1-3-2 

6-6     . 

8-1-3-2 

76 

6-6-3 

8-3-35 

5-5-3 

813 

5 

818-3  24 

4-5-5 

Uranocireite  (p.  ■139). . . 
'Chrtbobubvl  ip.  374". .' 

Strostiamitb  (p.  406) . 
■Knebplite  ip.  300) j 

JLlBETBEKlTB   (p.  878)  .  .| 

I  Bromlite(p.  400) | 

IAtacamite  (p.  261) I 

ClaudeUtefp.  284)...-  .; 

'  Hortonoiite  (p,  EOO) 

■  Celestite  (p.  E88) 

Kcepperite  (p.  3C0) 

Stembcrgite  (p.  340) . . . 

Cervantlte  (p.  284) 

Tophroite  (p.  800) 

Brookitb  ^.  217) 

Gr,THiTE(p.  aeo) 

.Olivesitk  (p.  873) 

|WiTnERiTE(p,  406) 

BARlTEIp.  8b7) 

Molybditelp.  281) 

EUSE.VlTEIp.  302)    

Polymignite  (p.  802)... 

Polycrafe  (p.  3621 

.^scBYsiTB  (p.  aea). . . . 

ICotnnnite  (p.  261) 

|Vale>'tinitb  (p.  264). . . 
lUoscloizite  (p.  387) ... . 

Pucherite  (p.  867) 

IAnolesitk  (p.  .S89) 

Kentrolitelp  480) 

Leadhillite  (p.  890).. , 
'CEHL-sarrE  (p.  4QfJ) 

Kadorite  (p.  S70) 

.Mendipite  ip.  a{j2) 


4-0;M-2: 

4-1-4  4 


B-fi-6 
5-S-6 
5-5-5 


6-48 
7-03 
7-7-1 


B.  LusTBE  Metallic  (and  Subhetallic). 


Spec, Gravity  Hi 


ILVAITB  (p.  STS).. 

Hakoanttb  <p.  280). . . . 
Ghalcoatibite  ip.  250).. . 

ENABQITBfp.  357) 

Eplgenita  (p.  33:<) 

Spatbiopjnte  {p.  246). . 

Stib-vite  (p.  Sfe) 

Famatinite  (p.  338) 

KlftproLtiolUe  (p.  251). . 

Mabcasite  ip.  347) 

Livingstonite  (p.  232). . 
Stylotypite  (p.  254) ... . 
PraoLusiTEiparfi), ... 
Witticbcnite  (p.  254),.. 

Oupjarite  (p.  428) 

GiuDuju&ti(e(p  383).. 

Emplectite  (p.  250) 

ZU(EENITE(p.  250) 

SARTORITEIp.  350) 

SA1IAB9RITE  (p.  801).. .  . 
DUFBENOVSITB  (p.  251). 

Yttbotantalitb       (p. 


SpK-GravIt)   HardDera, 


Jahesoititr  (p.  261)  , . 
Cbalcocite  ip.  338)... 
Cdlumbitb  (p.  860). . . 

IBOURHOHITE  ip.  3riS)  .  . 

IDiaphorite (p.  2.~i2).... 

Qlaucodot(p.  348).... 

Aikinitelp.  354) 

PoLTBAsn-B  (p.  257). . . 

Stepbakite  (p.  3.16). . , 

Stromcyerite  (p.  240). . 

Wolfachitefp.  347).., 
'Arsenopyrite  (p.  247),. 
I  Jordanite  Ip.  361). 

Geocronite  (p,  257) 

Allnclasite  ip.  3)8).... 

BlBML-THrSTfEtp.  233), 

r^ucopyrite  (p.  248) . . 
.LSllingite  (p.  248),,.. 
lAcAKTHlTE{p.  239),.. 

I  Tantalite  (p.  839) . . . 

I  HES81TE  (p.  288) 

I  Krennerite  (p.  430) . . . 
Dyscuabitb  (p.  284). . 


5S-.1-8 
5  5-3-8 

5-4-6-5 


fly7 
6-2-6-3 
6-37 
6  6-4 


H.U^I. 


AFPBNDIX. 

CRYSTALLIZATION  MONOCLINIC. 
A.  LusTBB  Unuetaluc. 


Natrtm  (p.  40B) 

HiBABILITE    (p.  393).. 

Borax  (p.  S81) 

Copperas  {p.  3S1) 

Gj»i-Lussitb  {p.  406), 
Botryogen  (p.  896)... 
WbewelUtofp.  413)... 

TBOi(A{p.  408) 

Efdroinagnesite  lp.4D9) 
SCOLBCITE  (p.  343) 

Stilbite  (pp.  846,  487) 
Peillipsitb   (pp.  845, 

483) 

Heolandite  (p.  S47).. 
GTPSTrM(p.  88a) 

GlBBSlTK  (p.  3^3), 

Bfogciiite  (p.  8U4) 

Laukostttk  (p.  338). . 
Bpibtilbite  (p.  347). . . 

BrewHterite  (p.  847) 

Petalite  ( p.  3e.'.) 

Habnotohe  (p.  346). . . 
Okthoclasb  (p.  831). . . 

VlTIANITE  (p.  371) 

RlFIDOLITE  (p.  356)... 
Pjktoutb  (p.  887).  . . . 
Fharhacolitb  (p.  370) 
OLAUBBan'E  (p.  891). . . 
BioTTTE  (p.  812),  Lepi- 

HiCAS      

Muscovite  (p.  813) 

Vaalite  |p.  3.55) 

WOLI.ABT0.N-ITB  (p.  291) 

Datulitk  (p.  384) 

HvAUIPBANE(p.  <I33).. 

Proehlorite  (p.  857)  . .  . 
Corundophilite  ip.  853). 

iBoclanite  (p.  a',S) 

CBToiJTE(pp  261.434) 
Thomsetiolite  (p.  438).. 
Packnolitb  (p.  20o). . . 
Leucophanite  <pp.  800, 

430) 

Mamiaritb  (p.  857). . . 

AilPHIBOLElp   396l 

EBriHBITB    (p.  373).., 


epecGmvltj 

1-1-5 

148 

1-5-2 

1-72 

2-3-5 

l-S-3-3 

2-2-5 

1-9 -I'W 

2-3 

8-11 

3-5-8 

3-14-3  18 

8  5 

21-2-4 

5-5-5 

3-09-3-3 

85-4 

2-20 

4-4  5 

3-2 

8-5-1 

l-,'5-3 

3-8-3-4 

35-3-5 

2aj-3-a 

3  5 

2-3.)-2-;;8 

3-5-4 

3 -25-2 -81} 

4-4-5 

4-5-5 

3-4-35 

6-"-5 

2-41 

45 

8-4r-3-e 

6  6-5 

2  5e-3iJ8 

1-5-2 

a-6-2-8 

2-3-5 

8-85-3-8 

5 

3-6-2  73 

3-3-5 

3  6-2-85 

a-B-8 

3-7-Sl 

2  5-3 

fl-7-8-1 

2^-5 

4-5-5 

3-8-8 

6  6-8 

28-3-9 

6-6-5 

3-8-2 -96 

1-2 

35 

1-5 

2-9-8 

2-5 

30^ 

2(J-4 

2-99 

8  5-4  5 

3-9-8 -4 

5-6 

3-95 

2-35 

'  Dickinsonite  (p.  435). . 
;Piedmontite(p.  808)... 

Fillowite(p.  «7) 

iKuloab  (p.  281) 

TiTAKirE  ftp.  835) 

:jEgirite(p.  294) 

KeilliBuite  tp.  3£6) 

lAZUBITE  (p.  411) 

1BIRYT0CAI.CITB  (p-  408) 

■Triploidite  (p.  4S9) 

;Chalconienitelp.4'J2). . 
.Malachite  (p.  411)... 
iBbochantite  (p.  396). 

TrCgerite  (p.  879) 

'DurangiU  tp.  870) 

'Gadolinite  ip.  809). . . . 
;Pyro9tilpnite(p.  253).. 
Clihoclastte  (p.  874). . 
'MoNAatTR(p.8«8),Tnt- 
{    nerito 

MlAKOTRITB  (p.  2^. . . 

Ldjawtb  (p.  896) 

Vauquelinite  (p.  886). 
Laxmannite  (p.  886). . . 
.Walpurgite  (p.  879)... 

CaocoiTE  (p.  385) 

T.ADarkil«  (p,  891) 

Catedonito  (p.  891) 

Megabasite (p.  883).... 
nabnerito  (p.  883) 


8-4-8-8 
8-4^56 
8'45-3'8 


3-7-4-01 
8 -8-8 -J 
3-96 

3-95-4 -OB 
4-4 -S 
4-2-4-26 
4-3-4 -8« 

4-»-6'26 
5  2-5-24 
6-3-6-45 

5-5-5-7r 
5-77 


B.  Lustre  Mbtaluc  (and  Si;bmvtaii.ic). 


AL1.ANITB  (p.  808). . . 

Clarite  (p.  23S) 

Crednente  (p.  278). . . 

MlAROVRITE  (p.  249). 

Plagionite (p.  261)!.. 


8-4-3 
4-46 

4-9-5-1 
6 -3-6 -4 


'HenoghinlU  (p.  3'~>6). . . 
Freibslebbhite  (p. 253] 
, Wolframite  (p.  888).. 
Stlvanite  (p.  248) 


6-84 
6-«-4 
7-1-7-51 
8-8-8 


.H.k-yiV 


DETEBUIMATtOII  Or  UIDEKALS. 


ORTSTALUZATION  TBICLINIC. 


SlSSOUTB  (p.    S80). IV 

HannaTilefp.  428) 19 

CHiLCiSTHTTR  (p,  8M)      "-"I 

W»pplerite  (p.  871). . , 
Microclineip.  828).... 

ALBn'S(p.  >t3S) 

OuoocLUB  (p.  338>. . . . 
Labradoritb  (p.  8S1). 

HONtTtTB  (p.  432} 

AlTDISSlTE  (p.  8231 

Arobthitb  (p.  831). . . 


■« 


3-21 

3-48 

2.54 

3-59-a-6a 

2-85-3  68 

8-67-2-76 

2-7B 

2-61-a-74 

a-«ft-a?8 


iE^onite(p.  423) 

lAMBLraoNiTB  (p.  868). 

IFairQeldite  (p.  426). . . 

,Aii»rrK(p.  81(t) 

iBabingtonito  (p.  393).. 

jCriHiTB  (p.  882) 

iRhodokitk  (p.  204). . . . 

iVeaieljito  (p.  873) 

iRoselite  |p.  ilTSi 

7  BBOCHANirnt  (p.  89S' 
Pseadomalacfaite  (p.B74) 


8-3-8 -87 
8-4-8  7 
8  4-8-7 
8-6 

8-8-8  9 
4-44 


65-e 
6-7-86 
65-6 -a 


nL  AVZIUART  TABI.BS. 

A,  MtnertU*  whoie  Hardntuia  tquai  to,  or  greater  than,  HQuarU=7). 


Hardness. 


Crvst* 
III.  (B) 
III.? 


Qnarta  (p.  284> 

Tridymite  (p.  888) 

D8nburite<p.  3U)  i            iv. 

Bonicite  (crystals)  (p.  381)   7  I. 

Cjranite  (p.  B33)  5-7-25    VI. 

TburmaliDe  (p.  82B)  «-6-?-5  III.  (R) 

Garnet  (p.  308)  ' 


. .iP.  811) 

StauroTite  (p.  336) 
Schorlomito  (p.  837) 


6-S-7-6 

7-7-5 

7-7-5 

7-7-5 


Bnclaae  (p.  888) 
Zircon  (p.  814) 

Andalusite  (p.  881) 
Beryi  (p.  299) 
Phenacite  (p.  801) 
Spinel  ip.  271) 
Topaz  (p.  8il3) 
Chrysoberyl  (p.  274) 
ConiDdnm  (p.  267) 
Diamond  (p.  228) 


IV. 
IV. 
III.  (R) 


.r  6-5-7. 
Piaspore,  IV.;  Cbrnolite,  IV.;  Spodamene,  V.; 
. ;  Ardeunite,  IV. ;  Oadolinite,  V. ;  FibroUte,  V. ;  FeldspaiB,  VI. ;  Axinite,  VI. 


B.  Unmetallie  MineraU  lehieh  art  dutineUj/  foliated  iti 


!  of  ihMr  naritHea. 


1.  mcBceous:  easily  separable  into  very  thin  lamine,  flexible  to  elig-btlj  brittle. 

a.  Micas  (pp.  811 1«  815i :  lamiu«  touKli  and  elastics,  except  when  tbey  have  nnd 
gone  alteration;  Anbydroua.     Here  are  included  the  species:  Pblogopite;  BioUte;  Mubcd- 
vito;  Lepidolite;  CryopbylUte.     These  gradoate  into  the 

Dtdro-hk^as  (pp.  858,  354).  in  vhich  the  laminie  are  inelastic  and  more  or  less 
brittJo.  Here  belong:  Fahlunite;  Margarodite ;  Damourite;  Paragonite;  Cookeite;  Eu 
phyllJte;  Oeliaclierite,  etc, ;  and  related  to  these.  Margarite. 

Lepidomelane  is  another  miea  {anhydrous  or  nearly  so)  whose  lolia  are  nearly  in- 
elastic.    Astrophyllite  is  a  micaceous  member  of  the  pyroxene  family. 

b.  Chlobitks(3B5  to857):  laminie  toagh  but  mostly  inelastic;  hydrous  ;  color  gen- 
erally dark-f[reen.  Here  are  included:  Penninite;  Ripidohte;  Proohlorite,  etc.  These  are 
related  to  the  VaainciTLiTES  (p.  355',  in  which  the  famine  are  less  tough,  being  more  or 
less  brittle:  Jefferisit«;  Pyro6Cleril«,  et«. 

e.  PyrophTllite.  Talc,  sometimes  rather  micaceoos,  laminai  soft,  snd  somewhat 
creasy  to  tbe  feel.  Brucite  is  related  in  character,  but  differs  chemically  in  being  soluble 
in  acids. 

d.  Torbemite, color  deep-green;  Antnnite.  oolor  yellow  l«  bright-green,  lamins  brittle. 


24  AFMBNDir. 

2.  K:it  prcjverly  micacsoos,  though  saporoble  more  or  leea  ensllf  into  thtn  UmitiM. 

Chloritnid  (p,  858t  and  Seybertite  (p.  868)  nre  foliated,  the  laminiB  not  Kparatms 
•aailj.     Bo  ilao  Btuniite,  HjpeTBtnene,  DtaiUt^,  and  HanaoUte. 

Gypsum  sometlineB  ocoara  in  soft,  MporaUe  laminB  (var.  SeleniteJ,  alighU;  flexihls 
Zmcite  and  Erythrite  aie  Bometimea  loliatod  but  not  sepaiabte. 

0.  UnntrtaSie  Afinerali  ahieh  in  tame  of  their  tarittia  hate  u  fibbodb  ttruetttr^ 

1.  Eoaily  Mparable  into  fleiibiB  flbrea. 

AfcbeatuB  (=ampbibole) ;  Ccocidolite ',  Cbr7BOtilc(=aeip«ittli]o);  Antbioaideiite. 
E.  FibiouB,  not  easily  aepsrable;  atraotora  ir-adaating  into  oolomnar. 

Anhydrota  SUieata: — Bnatatite ;   WoUaatonite ;   Fibrolite  ;   olao,   thongh  mora  properi} 
oolamnar  in  Htrnatiire  : — Cjuiite ;  Epidote ;  Tourmulina. 

HydroM  Siiieattt,  2i^'U«  mosUy  ;— Thonuonite  ;  Okenite  ;  Natrolito;  Boolemta;  Peato> 
iite  ;  Carpholite.     Also  some  Scipentina. 

Photpliate»  ;  AraeTtalet  : — Wavellita;   Oaoozenita  ;   Fhannaoolite ;   Dnfrenite  ;  Olirwdto 
Tivianite;  Pjromotphite. 

BtttpIuiUt:  Anlijdiico;  Baiite;  Geleetite;  Qypeom. 

CarionafM.-— Calcite;  RhodochroEitc;   Hagneute;  H^dromagnedte;  Aragonite;  Uala- 
chite. 

Also; — Bmcite  loemalite);  SuBsesite;  Ulezita 


byGoogIc 
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Alnmiiram  hydrate,  370. 383. 

Anthracoxeaite,  416. 

AotduUite,  M4. 

favdro  -  sulph&te, 

Antigorite,  861. 
AnUmte,  861. 

Acuityte,  286. 

805.  , 

Aohrematite,  S8E. 

mellate,  413. 

Antimonblendc.  384. 

Aehroite,  S80. 

oxide  (Aloroina), 

ABtimoiiblQtlie,  e.  Valentin 

Aomite,  204. 

387. 

ite. 

Aetinolito,  297. 

AduniDfl,  Adamite,  878  i  ISO. 

B«r877,  878, 

Antimonite,  383. 

Adelpbolite,  888. 

48D. 

Antimondtber,  384. 

Adukr,  Aduiflria,  886. 

dUcate,  8-31,  883. 

Antimony,  Araenicul,  837. 

^^^■"'■'^ 

841,  S4S>.  851. 

Gray,  338- 

Nativa.  336. 

.SechyniU,  8fta. 

AlnminiW,  895. 

Red  =  Kormesite, 

Agali£aU.Uto,8«,a6a. 

Alunite.  806. 

384. 

Apmc  mineml,  400. 

Atnnogen,  895. 

Whiter  Valentin- 

Ai»te,  386. 

Amalgam,  285. 

ite,  284. 

Aglaite,  420. 

Antimony  blende,  384. 

Aericolite,  SOS. 
Alkinite.  284. 

Amber,  415, 

bloom,  284, 

Amblygonite,  860;  430. 

glance,  333. 

Aikito,  4:t6. 
jUuinthit,  fl.  Aoanthite. 

ArablvBtogite,  300. 
Ambiite,  416, 

ScLre,  487. 
oxide,  2tf4,  487. 

Akmit,  I.  Acmita. 

Arabrodne,  416. 

snlplildc,  283. 

AUbandite,  387. 

Araeaite.  434. 

Apatite,  SOI;  430. 

Amethyat,  386. 
AroUnthiu,  207,  850. 

Aphaneeite  v.  CEnoclasite. 

AUUte,  208. 

Aphrite.  400. 

Alukaite,  430. 

Aphrizite,  M80. 

AUun  B.  Alum. 

Aphrodite,  818. 

AUnmiUin.  806. 

oxalate,  433. 

Aphrosiderite,  SG6. 

Albertite,  410. 

phosphate.  371. 
sutphato,  891. 

Aphthalose,  Aphtfaitfllite,890. 

Alblte   823;  490. 

Apiohnite,  805. 
ApIom<>,  E104. 

Alex«ndrite,  275. 

Amphibole,  898!  430. 
Andulte,  Analcime,  348. 

Apophyllite,  840;  421. 

Alipite,  S51. 

Anatase,  377. 

Alknite,  806. 

Andaliuite,  881, 

Andesine,  Andesite,  833. 

Anroxene,  426. 

Allochroito,  0.  Andiadite. 

Andwditc,  804. 

Aragouite,  406;  431. 

A  loclasita,  348. 

Andrewsile,  878. 

Aragotito,  414. 

A  lophane,  841. 

Anglesite,  889. 
Anhydrite,  880. 

Arcanite,  800. 

Allophita,  8)0 

Aretolite,  421. 

Alnumdin,  Alm&ndlte  803 

Animikite.  420. 

Ardcnnite,  810, 

Alshedite,  48a 

ADkuhte,  403, 

Arequipite,  421. 

AlBtoaite.  V.  Bromtite. 

tatw? 

Altaite,  837. 

Argentine,  4.i0. 

Alum,  N«tiTe.  805. 

Annite,  818. 

Argentite,  286. 

Anomitc,  481. 

Argeutopyrite,  487. 

Alumfniuii  carbonate,  410. 

ADorthlte,  831. 

isr®'^*- 

obloride,  360. 

AatholiU.  e.  AnthopliTllite. 

fluoride,  864,  865. 

AnthophyJlite.  395. 
Anthracfte,  417. 

Arkawdte,  S78. 

flno-ftiUwte,  883. 

Arkiatite.  866. 

.Ol.^H 


Arquerfte,  230. 
Arragonite,  40Q. 
Arrbonitu,  431. 
Alsenargeatite.  42 1  > 
Arsencisen,  «.  Leucopfrite. 
Arseneisens  inter,  n.  PitticiU, 
Arsenic,  Antimonial,  337. 

Native,  226. 

Erf.  284. 

Yellow.  384. 

White,  384. 
Areenio  oxide.  384. 

sulphide,  S81. 
Arscnieal  Antimonj,  ^7. 
Arsenikkiee,  247. 
Arsenikkupfer,  iii. 
AraeDnicketglaiiE,  34G. 
Arsenioaiderite,  1178. 
Arsenite,  c.  AnieDolite. 
Arsenolite.  384 
Araenopjrite.  347. 
Aebestus,  297. 

Blue,c.  Cronidolite. 
Asbolan,  Asbolite,  38(1. 
Astnanite,  3USi  421. 
Asparagus-stone,  SOS. 
Aspesiolite,  853. 
Asphallum,  4UI. 
Aspiitolile,  313. 
Aslrakanite,  s.  BlOdite. 
ABtrophvlllte,  818;  431. 
Abicamite.  361. 
Ateleslite,  »T8. 
Ateline,  Atelite,  263;  4:1. 
Atopite,  431. 
Augitt,  Sftt. 
Auritiiulcite,  410. 
Auriferous  pf  rite,  330. 
AuriDigmentum.  233. 
Auto'niolltc,  272. 
Autiinite.  ^79;  4'>1. 
Aventurine  quartz,  386. 

leldspar,  833,  833, 
8;5. 
Axinite,  810. 
Axorite,  8S9. 
Azurite,  411. 

Bnbingtonite,  396. 
BagrEtionite,  e.  Allanite. 
BaikaUte.  e.  Sahlite. 
Balvmiditc.  421. 
Barcenite.  421. 
Bamhardtite,  34S. 
Barite.  38?. 
Barium  carbonate.  406,  4Q8. 

nitrate,  483. 

(and  uranium)  phoa- 
Vhate,  480. 

d!inate,S33.84S,4a). 

Bulphatf,  867. 
Bsrtholomitc,  890. 
Barjrlite,  431. 
Baryt,  Barytea,  887. 


OBSBRAL   INDEX. 

Baryta  =  Barium  oiide. 

Barytocalcite.  408. 

Barytocelestite,  S88. 

Basanite,  387. 

Bastite,  sm. 

BastnOsitc,  408,  489. 

Bathvillite,  410. 

Batrochitc.  800. 

Beaiunontite.  347. 

Beauxite.  381. 

Beccarite,  440. 

BeohiUta.  383. 

Be^rite.  431. 

UeiStein,  e.  Nephrite. 

Bell    metal    ore  =  Stannite, 

24S. 
Bclonite,  110. 
Benzole,  414. 
Beraunite,  v.  Vivianite. 
Bergamoskite.  430, 
Beigholz,  307. 
BergkryBtall,  v.  Qnartz. 
Bergmehl,  401. 
Bergiuilch,  400. 
UergQl.  413. 
Bcrgpeth,  41<t. 
Bergseife,  e.  Halloyslte. 
Bcrgtheer,  v.  PittMphalt. 
Berlaait«,  486. 
Bernard  in  itc,  430. 
Bernstein,  41 S. 
Ber;],  200;  431. 
Beryllium  aluminate,  274. 

silicate,   300,   800. 
8U1,  803,  338. 
Berthierite,  901. 
Berselianite,  337. 
Berzeiate,  431. 
Beyrithile,  241. 
Bhreckite,  4^2. 
Bieberite,  366. 
Biharite,  353. 
Bimssteiu,  v.  Pumice. 
Bindheimite,  378. 
Binuite,  261 ;  350. 
Biotite,  813. 
BiBC'hoBte,  423. 
Bismite,  384, 
Bismuth,  Acicnlar  (aiklnlte). 


354. 


NfttiT 


327, 


TeUuric,  388. 
Bismutb  arsenate,  877,  870. 
blende  (eul  ftite),802. 
carbonate,  412,  433, 
chloride.  363. 
glance,  SJ2. 
nickel    (grUnanito), 

387. 
ochre,  284. 
oxide,  384. 
selenide,  388. 
■ilicato,  803. 
■liver,  420. 


tellui 
Bismutbinke,  383. 
Ilisinntite.  4 13. 
Bismutoferrite,  SOS. 
Bismutosphtcrite,  42Sl 
Bittciialz.  S04. 
Bitter   spar,   Bittn^wth,    a 

Dolomite. 
Bitumen,  410, 
Bituminous  coal,  417. 
Bjelkite,  434. 
Black  jock,  S37. 
BlSttercrz,  BlUteitellnr,  24S. 
Blatterzeoiith,  ti.  HeulMxlite. 
BlBueisenerz.  c.  Viviuiile. 
Blaueisenstein,  c.  Crocidolite. 
Blsuspatb.  L75. 
Blei,  Gudi^en.  33fl. 
Bteiglanz.  :;S5. 
Bleiglltte,  267. 
Bleiguroine,  «.  PlnmbogiuD- 

mite. 
BleilBSur,  806. 
Blelhomerz,  4 '8. 
Bleiniere,  87U. 
Bleinierite,  e.  Bindheiiidteb 
llleispath,  407. 
Bleivilriol,  389. 
Blende,  387. 
blOditc,  894. 
Blomstrandite,  423. 
Bloodstone,  380. 
BTuc  vitriol,  894,     • 
Bodenite,  80& 
B^buttet,  410. 
Bog-iron  ore,  281. 

manganese,  388. 
Bole.  Bolus  ^  UalloTdtai 
Bolivite,  492. 
Boltonite.  800. 
Bombiccite,  41S. 
Boracic  acid.  880. 
lJoradte,3St;4aa. 
Bomi,  381. 
Bordoeite,  207. 
Bomite,  237. 
Borocalcite,  »8S. 
Boro^  trioxide.  380. 
Boronatrocalcite,  S8L 
Bort,  3-JO. 
Bosjeidatiite,  390. 
Botallackite,  v.  Atacami^ 
Batryogeo.  !|00. 
Botrjfdite.  320. 
Boulangerit«,  304. 
Bournonita,  28S. 
Bonwingwdtite,  8M. 
Bowenite,  £97,  KBO. 
Bowllngite.  438. 
Brukefiuachite,  4efi. 
Bngite,aS3. 


Bntineiseiurtein,  280. 
Bnunite,  ST7. 
Braunkohle,  418. 
BraunHpatfa,  401. 
Bravaisite,  432.'  I 

BredberRito,  804.  / 
Breislokitc,  e.  Pyroxme. 
firelUiauptite,  lU.  / 
Breunerite,  402.  / 
Brewsterite,  a47.  ' 
Brittle  silver  ore,  e.  ^tophan- 

Brochantite,  890. 
BroraargTrite,  360. 
Bromltte.  406. 
Biomsilber,  260. 
Bromyrite,  200. 
BrogniardiU,  2S2. 
BroDgnartine,  807. 
Bronzite,  201). 
Brookile,27T:  432. 
Brown  coal,  418. 

iron  ore,  280. 

spar,  401,  403. 
Bmcite,  2^1 ;  432. 
Bnishite,  871. 
Bucholzite,  831. 
Buckkndita.  808. 
BuDsenin,  430. 
BnnaeniU,  2KT. 
Buntkopfererz,  2S7. 
Bostamite,  £04. 
Bntyrellite.  41S. 
Bjerite,  417. 
Byto<rnite,  321. 

Cabrerite,  422. 
Cacholong,  SBO. 
Cscoienite,  Cocoxene,  878. 
Cadmium  sulphide,  242. 
Caimgorm  stone,  2^. 
Colaite.  V,  Callaite, 
Calamine,  889,  422;  404. 
Catamite,  240;  433. 
Calcareons  spar,  tnfa,  80S  ; 

400. 
Calcito,  808. 
Calcium  aneuate,  S70,  STl. 

antlmonat«,  870, 421. 

boro^ilicate,  884. 
carbonate,  81H,  40S. 
chloride,  2li0. 
fluoride,  26.S. 
nitrate,  87S. 
oxalate,  412. 
phosphate,  864,  871, 

sUioale,    201,    BSS; 

S2I. 
sulphate,  889,    802 1 
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Caldnm  tautalate.  8t»,  481. 

titanate,  370. 
tungrrtate,  884. 
Caloozincite,  267. 
Ualc-sinter,  400. 
Caledonite.  801. 
CallaiB,  Callaite,  877. 
Calorael,  260. 
Calvontprite,  484. 
Campy  lite,  867. 
Canaanit«  =White  Pyroxene. 
Cancrinite,  317;  423. 
Cannel  Coal.  417. 
Capillar;  pyrites,  241, 
Caporcianite,  888. 
Carbonado,  220. 
Carbon  diamantaire,  220. 
Camallite,  261. 
Camelian,  2S6. 
Carpholite,  841. 
CMjinite,  422, 
Cas«it«rtte,  275. 
Caator,  Castodte,  39S. 
Catapleiite,  889. 
Cataspiiite,  303.      ,  . 
Cat's  eye,  *-fl;H  '    ■  '., 
CaTolinite,  81B.   '" 
Celadonite,  849. 
Celestialite,  43S. 
Celestite,  Celestine,  88& 
Centrallaaaite,  UBS. 
Cerargyrite,  260. 
Cerbolite,  893. 
Ccrine,  Sil8. 
Cerite,  840. 
Cerium  carbonate,  408. 

fluoride,  480. 

phosphate,  864,  808. 

eUii^atee,  808,  880. 
Cerolite,  851. 
CeriiSBJto,  407. 
Cervantile,  284. 
Ceylanile,  Ceylonite,  871. 
Chabazitc  844;  422. 
Chalcantbite,  804. 
Chalcedony,  286. 
Chalcocite,  3:^0. 
Chaloodite,  800. 
Chalcolite,  87a 
Chrtlcomenite,  423. 
Cbalcomorphite,  841. 
Chalcophanite,  28n. 
Chalcophyilite,  875. 
Cbalcopyrite,  244;  422. 
Chalcosiderite,  378. 
Cba' cosine,  280. 
Chalcoatibite,  3B0. 
Cbalcotficbitc,  266. 
Chalk,  400. 
Chftlyblte,  408. 
Chattiamite,  240. 
Chert,  387. 

ChesUrlite,  826.  [419. 

Chessy     Copper,    CheaQ'liU, 


Chiastolite,  831. 
Chiidrenite,  877;  423. 
Chiolite.  2«t. 
Chladnite,  290. 
Chloanthite.  345. 
Chloral  I  uminite,  260. 
Chlor-apatite,  363. 
Chloraslrolite,  840. 
Chlorite  Gronp.  8S5. 
Chloritoid,  858. 
CbloriUpath,  SS8. 
Chlormasnesite,  360;  428. 
Chlorooalcito,  260. 
ChloropBl,  850. 
ChloropliBit*,  356. 
Chlorophane,  263. 
Chlorophyllite,  853. 
Chlorothionite,  2^0. 
Chloroti;c,  873, 
Chodneffite,  264. 
Chondrarsenite,  372. 
ChondroditcSiT;  488. 
Chon.icrit«,  8S5. 
Chrismatito.  413. 
Chromcisen stein,  274. 
Chromglimmer,      e.     Fnoh- 

Chromic  Iron,  274. 
Chroniil«,  374;  423. 
Chromnicotite,  274. 
Chromium  oxide.  274. 

sulphide,  242. 
Chrysoberyl,  S?74. 
Chrysocolla,  838;  423. 
Chrysolite,  800;  438. 
Chrysoprase,  'iSt. 
Chrysolile,  ;;50. 
Cburchite,  871. 
Cinnabar,  240, 
Cinnamon  stone,  808. 
Clarite.  26a 
Clandetite.  394. 
aausthalite,  286. 
CUy,  851,  elaeq. 
QeaTelandite,  SU. 
Cleveito,  423. 
Clingmanite,  858. 
Oinoclase,  ainoclomte,  374. 
ainochlore,  850. 
Clinocroeite,  4^8. 
Clinobuinite,  838. 
Clinophieite,  428. 
Clintonite,  858;  428. 
Cloanthite,  346. 
Coal,  Mineral,  417. 
Boghead,  4a 
Brown,  418. 
Cannel,  417. 
Cobalt,  Arsenical,  24S,  346. 

Black  (asbolite),  388. 

Earthy,  2B3. 

Gray  (smaltite),  240. 

Red  (erythrite),  873. 

WUU(oobaltile),24e. 


.H.Uy 
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Cobalt  bloom,  873. 
FUnce.  846. 
arsenate,  872. 
araenide,  246;  348. 
carbonate,  4SQ. 
oxide,  2m. 
eelenite,  483. 
sulphate,  894. 
Bulphidc,  946. 
Cobaltine,  CoUltite,  246. 
Cobaltomenite,  4!ta. 
CoocoUts.  293. 
Coke,  417. 

OSlestino,  o,  Celeatite. 
Osruleolnctitc,  376. 
Collyrite.  841. 
Colophonite,  804. 
Coloradoite,  4'23. 
Colnmbite,  300;  423. 
Comptonite,  343. 
Connellite,  891. 
Cookeite,  351. 
Copal,  Fossil.  41S. 
Copaliae,  Copaljte,  41 G. 
Copiapitc,  895. 

Copper,  Antirooninl  (chalco- 
Btibite),  250. 
Anenical,  384. 
Black    (melocoRite), 

207. 
Blue.  411. 
Emerald   (dioptase), 

801. 
Gray.  255. 
Indigo,  24Q. 
NatiTe,  325. 
Purple,  287, 
Bed^  260. 
Variegated,  2S7. 
Vitreous,  338. 
Coi^r  arsenate,  378, 374, 376. 
arsenide,  334. 
ArseDite(7),  4.19, 
carbonate.  411. 
chloride,  3r«. 
chromste,  880. 
glance,  828. 
mica,  875. 
nickel,  243. 
oxide,  269,  807. 
oijchloride,  201,262. 
phosphate,  ;i78,  374. 
pyrites,  344. 
sclenide,  337. 
selenite.  423. 
silioate,  301,  SSfi. 
■ulph-aniimonite,  350, 

bM,  255,  257,  4J8. 
Bulph-ancnitc,    351, 

aw,  357,  25S. 
sulphate,    890,     894. 

Efflfl.  897,  4W. 
nitphide,     339,    349; 
337,341. 
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Copper  BUlpho-bisnrathite, 
360,  261,  264. 

tnngsUte,  884. 

vanadate,  874. 

vitriol,    c.     Cfaalcan- 
tbite. 
Copper  ore,  Bad,  266. 

Yellow,  344. 
Copperas,  894. 
Coprolitee,  866. 
Coquimbite,  895. 
Cordierite,  311. 
Cornwallite,  874 
Corongnlte,  424, 
Conmdiillitc,  858. 
Conindophilite,  858;  434 
Conindam,  207;  434 
Corynito,  347. 
Cosalite,  352;  424 
Cossaitc,  85i. 
Coss^te,  4'i4. 
Cotunnite,  361. 
CoTelline,  CoTellit«,  348. 
Ctaigtonite,  424 
Crednerlte,  278. 
Crichtonite,  270. 
<.>>cidoUte,  398. 
Crocoite,  CroooisitA,  886;  4M. 
Cronstodtite,  867. 
Crookesite,  336. 
Crvolite,  264;  4?4 
Ci7oph;pllite,  816. 
OrTptohalite,  264 
Crj-ptolite,  8114 
" — ifoniorphito,  882. 
ui,  Cubanite,  345. 
CuUageeite,  355. 
Camtningtonite,  387. 
Cuprocalcite,  411;  434 
Cuprit*,  266. 
Cuproniagncnite,  805. 
Cuproscheclite,  384. 
Cnprotiingstite,  884. 
Cuspid  ine,  424. 
Cyanite,  882;  434 
Cyanocbalcite,  839. 
Cjanotrichite,  897. 
C^matolite,  840,  486. 
CTprusite,  424, 

Dainonrite,  863. 
Danaite,  346. 
Danalite,  803;  434 
Danburite,  811 ;  434 
Dathollte.  Datolite,  834 
Danbrl^lite,  242. 
Danbreite,  363. 
Datids  >nite,  299. 
Davreuiite,  435. 
Davyne,  Davina,  816. 
Dawsonite,  410;  425. 
Dechenite,  367. 
Dcgeroite,  854 
Dcleasite,  R66;  426. 


Delvanxite,  «,  I>ube&ite. 

Demidofflte,  339. 
I  Derbyshire  mt,  t.  FIiMrit« 
I  Deecloizite,  867;  420. 
'  Desmine,  846. 
I  Destineiite,  435. 
I  Dewalqnite,  310. 
;  DewejLite,  861. 

Diabantaclin>Di)Tn,  S5S. 
iDiabantite,  356. 
I  Diaclasite,  201, 
I  Diadochite,  3TB. 
I  Dial]  age.  Green,  293, 
I  Diallogite,  Dialogite,  40S 
I  Diamond,  336;  425. 
I  Diaoitc,  e.  Columbite. 
I  Diaphorite,  253, 

Diaspore,  279. 
I  Dichroite,  811. 
I  Dickinsooite,  435. 

Dietrichite,  435. 
I  Dihydrite,  874 
I  Dimorphlte,  282. 

Dinite.  414, 

Diopeide,  293. 

Dioptase,  801. 

Dipyre,  B16. 

Discraaitc,  d.  Dyacndte. 

Disteirltc  =  BraodiaiLe. 

Disthcnc,  383, 

DitrByte,  317. 

Dog-tooth  Spar,  40a 

Dolerophanite,  SEtO. 

Dolomite,  401. 

Domcykite,  234 

DoppeIn»th.  390. 

DoppleritG,  415;  430. 

Dougladte,  435. 

Draelite,  390. 

Dry-lxine,  404 

Dndleyite,  358. 

Dufrenite,  878. 

Dufreno^te,  261, 

Dumortierite,  435. 

Duporthite,  425. 

Durangite,  870. 

DQrfeldtite,  420. 

Dnxite,  416. 

Dysanolrte,  425. 

Dyscrasfte,  334. 

Imluito,  273. 

Dysodilo,  415. 

DjTByntriblte,  358. 

Earthy  Cobalt,  368. 
Bdenite,  207. 
Bdinglonite,  841. 
Bdwardsite,  v,  M 
Ebonite,  436. 
ELTite,  374. 
Eisenbiathe,  405. 
Elsenbrucite,  433. 
Eisenglanz.  KB. 
Bisenglimmer,  960. 
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Eisenlciea,  248. 
BUenkieael,  «.  Qnwtz. 
Eisenrose,  S69. 
Eisensinter.  e.  Pitticite. 
Eisengpath,  403. 
Biaspath,  326. 
Ekdemite,  4'25. 
Ekebergite,  8l6. 
Ekmunnite,  854 
BlKolite,  8ie. 
Elaterite,  414. 
Blectrum,  221. 
EleoQOriU,  436. 
Ellonito,438. 
Eiroqnite,  426. 
Embolite.  260. 
Embrithito,  v.  Bonl&ngerite. 
Emcnld,  299. 
Ememld  nickel.  410. 
Emery,  288. 
Emplectite,  250. 
Enargite.  257. 
Eoceladite,  o.  Warwicldte. 
Enophite,  430. 
EnsUtite,  290. 
Enysite,  897. 
Eosite,  ;ie5. 
EosphoriU,  423. 
Ephesito.  354. 
Epiboulangerite,  2tF4 
Epidote.  307. 
Epigenite,  268. 
Epbtilbite.  847;  4^6.     [496. 
Epsom  Salt,  Epsomite,  894' 
Erbsenstein,  400. 
Enlkobalt,  283. 
ErdOl,  416. 
Erdpet-h,  416. 
Eremite,  c.  Motuuit«. 
EriUt«,  426. 
Erinite,  S74. 
Eriochalcite,  426. 
Erubescite,  237. 
Brythrite,  37i. 
Erythrosiderite,  261. 
Erythrozincitc,  436. 
Esmarkite.  833. 
Essonito.  304. 
Ettringit«.  895. 
Eucairite,  285. 
Eachroita,  878. 
Euclase.  333;  426. 
Eucolitc,  299. 
Eucraaite,  426. 


EucrypUte,  426, 
Eudialj'te,  Eudyalit 
Eudnophite.  844. 


Eueenjirlanz,  «.  Polybasite. 

EliKBinte.  e.  Eucairite. 

Euklas,  8:i3. 

Eulytine,  Eulytite,  802;  426. 

Eumanite,  278. 

Euoamite,  415. 

Eupbyllite,  854. 
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Fahlerz,  265. 
Pahlumta,  303. 
Fairneldit«,  426. 
Fbmatinit«,  258. 
Faserquarz,  298. 
Faasaite,  SOI. 
Faujoait^,  844. 
Fauscrite,  J;91. 
Payalito,  JUO. 
Feather  ore.  251. 
Federera.  S6l. 
Peitsui,  309. 

Feldspar  Oroup,  810;  426. 
Felalte.  823.  320. 
Fpldspath.  e.  Feldspar. 
Fergusonite,  362;  4:27. 
Ferroitmeititfi,  8S0. 
ForroteUiirite,  437, 
Feuerblende,  252. 
Feueratein,  387. 
Fibroferritc,  895. 
Fibrolito.  881. 
Piohtfilito,  414. 
Fillowite,  437. 
Piorite,  289. 
Pireblcnde.  252. 
Flint.  287. 
Float-stone.  2S9. 
Flos  ferri,  405. 
Pluellitc,  264 
Fluocerite,  3U4. 


Fluor  Spar,  2(!3. 
FluRsepath,  3C8. 
Foliated  lellurium,  v.  Nagya- 

gite. 
FontaiDebleau  limestone,  400. 
Porosite,  847;  4^7. 
Forsterite,  800. 
Fowlente.  2S4 
Prencolite.  865. 
Franklandite.  4^7. 
Frankiinitc,  273. 
Fredricito.  438. 
Freibergite.  255. 
FreieBlebenite.  362. 
Frenzelite.  283. 
Freyalite,  427. 
Priedolite,  BOi 
Frieseite,  437. 
Frigidite,  438. 
Fuchflite,  314. 

Gadolin,  Gadolitute,  809 ;  427, 
Gahnite.  272, 
Galena.  Qalenitc.  235. 
GalenobiBtnutite,  427. 
Galinci   33B,404. 
Qanomatite,  4i7. 
Garnet.  3U2i  427. 


Oamlerite,  851 ;  427. 
Oastaldile,  298- 
GuanoruUte,  392. 
Oav-Lussitc.  400. 
Gearksutit«,  265. 
Gedanite,  435. 
GsUenitfl.  331. 
Geicritc,  c.  GEyeritB. 
Gekrilsatein,  889. 
Gelbbleierz,  884. 
Genthite,  SSI. 
Qeocerili,  414. 
GeocroDlte,  257. 
Geomyricite,  414. 
Gersdorfflto,  240. 
Geyeritc,  248, 
Geyserite,  283, 
Gibbsitc  28':. 
Gieseckite,  362;  817. 
GigantoUte.  353.  J 

QiDwrtUo,  858.  * 

Qillini^itf,  354. 
Qinilsite,  428. 
Girasol,  389. 
Gismondinc.Gismondite,  841 ; 

42i 
Ginfitc,  432. 

Glanzkobalt,  t.  Cobaltitc. 
Glaserite,  tt.  Anatnite. 
Glaserz,  Glanzerz,  e.  Aigon- 

tite. 
Glauber  salt,  893. 
Glaubcrite,  891. 
Olaucodot.  24a 
Glauconite,  840. 
Glaucophxne,  298. 
Glimmer,  v.  Mica. 
Globulites,  110. 
Gmelinite,  845. 
Gold.  22L 

Gold  tellnnde,  248.  249,  480. 
Goldteltur,  V.  Sylvanite. 
Goshenite,  299. 
OoBlarite.  395. 
QStbite,  280. 
Graham  ite,  410. 
Orammatite,  397. 
Granat,  802. 
Graphic  tellurium,  248. 
Graphite.  ^30. 

Graukupfererz,  V.  TennantitA 
Gray  antimony,  232. 

copper,  255, 
Qreenockite,  312. 
Greerovite,  835. 
Grenat,  c.  Garnet. 
Grochauite,  357. 
Grossularite,  303. 
GrQnauite,  287. 
Grilnbleierz.  86& 
Ouudalcazarite.  241. 
Guaiiajiiatit«.  3:18;  42a. 
Guanipite.  433. 
Guano,  365. 
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Ouflrinile,  33«. 

Hoimesite.  871. 

Guejarite,  4S6. 

Hofmaiitiite,48S. 

llvaito.  809. 

GOmbelite,  853. 

Holzopal.r.  Wood  Opd. 
Holz  Zinn.  273. 

odianaite.  428. 

aummite,  428. 

Indianitc.  8-31. 

BomUite,  420. 

rtdicolite.  830. 

QnyaquilUte,  413. 

Boney-atone,  Uoiiigstein,4ia. 

odargyrite.  2iia 

Qjinnito,  851. 

Hopcite,  420. 

odobromite,  429. 

Gyps.  1-.  Gypenm. 

Horbachite,  241. 

odsilber,  280. 

ajpsiim,  80i 

odyrite,  fl60. 

Hom  silver,  2G0. 

lolite,  311. 

Horn  stone,  287. 

lonito,  435. 

Haarkies,  24t;247. 

Horse-flosh  ore.  «,  Bomite 

Iridosmine,  224. 

Uoarsalz.  gI95. 

Hortonolite.  803. 

Iron,  Aracnical,  247. 

HaddaiiiiU.  433. 

Houghite.  S8i. 

Magnetic,  241,273, 

Hafnoflordite,  S29. 

Hovilfi,  410, 

Meteoric,  2->6. 

Bowlite,  382. 

Native.  326,  420. 

Haidingerite,  871. 

Huantaifiyife,  258. 

Oligist  (hematite).  26a 

Halite.  2.J9. 

Btlbnento,  383;  429. 

Iron  aluminate,  272, 

BaUita.  85S. 

Huilite,  425. 

arsenate,  375,  876. 

Halloysito.  363:428. 

Bumboldtino,  412. 

arsenide,  247,  218. 

Halotrichite,  895, 

Bumboldtilitfl,  BOO. 

borate,  880', 

Eamartite.  408,  488. 

Bumboldtite,  834. 

boio-Mlicate.429. 

Huinayita,  428. 

Huminite,  4;.5, 

carbonate,  403. 

Harmotome,  316, 

Humite,  327.  828, 423. 

chloride,  261. 

Barrisit*,  240. 

Hnntilite,  429. 

B»rtite,  414. 

Huresu'.ite,  372. 

oxalate,  413. 

HatchettiU.  Hatchettine,  414. 

Huronite,  858. 

Mdde.    268,    272,    2T9, 

Batchettolite,  428, 

Hyacinth,  8(M,  805. 

280, 

Hauerite,  211 

ByaliU.  289. 

phosphate.  360. 871,813, 

Banghtonitc,  431. 

Hyalophane,  822. 

378,  426.  487. 

Hauaraannito,  277. 

Byalosiderit«,  800. 

siUcate.  801).  854 

Hatlvne,  Ilaaynite,  818. 

Hyalotakite,  429. 

snlphatc,  395. 

BaT^emte,  844. 

sulphide,  2n,  243.  817. 

BayDsinc,  428, 

Hydrargyrite,  267. 

Haytorite,  385. 

tBntalat«,  359. 

Heavy  spar,  S87. 
HebH)niie,S70;  420. 

Bydrobiotite.  43U. 

tellurate{?)4'i7. 

tungsUte,  38a 

Hedenbergile.  293, 

Iron  pyntes,  243. 
White.  247. 

HeUyphane,  367;  428. 
Heldfiurgito,  423. 

Bydrocuprite,  266. 

Hydrocyanic.  890. 

Heliotrope,  386, 

HelTin.  HetviU,  802;  428. 

Hydrodolomita,  410. 

403. 

Bydrofluorite,  264. 

Iseriae,  Iserite,  270. 

Hematite,  263, 

IsocUaite.  873. 

Brown,  280. 

Hydroilmenit*.  4.11. 

Itacolumvte,  220. 

Henwowlite,  878. 

Bydromagncsite,  409, 

Irigtite,  354. 
Ixoljte,  414 

Bercyiiite,  273. 

llydrt>.mica  Group,  858. 

Henlerite,  370. 

Hydrophilite,  429. 

Hermannoiite,  361. 

Hydrophite.  851. 

Jacobsite,  273. 

BerreaBTunditc,  428. 

Hydrorhodonite,  429. 

Jade,  Common,  397. 

Herechelite,  844. 

Hydrotalcile.  282. 

Jadeit«,400. 

Hessite.  238;  420. 

Hydrotitanite,  271. 

Hydrozincite,  410, 

Jargon,  8iiS, 

Heterolite.  Hetairito,  429. 

Hygropliilito,  863. 

Jarosite,  480. 

Hypargyrite,  250. 

Jasper,  287. 
Jaulingite,  415. 

it«. 

Bypersthene,  290.— 

Beiibachite,  429. 

Hypochlorite.  302. 

Jefferiaite,  855. 

Jeffersonite,  208. 

Bexagonite,  2B8. 

Ice  spar,  825. 

Jenkineite,  S51. 

Hibbertit*,  429. 

Iceland  spar,  890. 

Jet,  418. 

Biddenite,  486. 

Idouraae.  206. 

Johaanita,  897. 

Hielmite.  861. 

Idrialine,  TdriaUto.  814 

Jollvte,  854 
Joidanite.  261. 

Hieratite,  429. 

Ihleite,  89S. 

Hifthgate  redii,  41S. 

Ilesit«,  429. 

Joeeite,  288. 

UmeniU,  280. 

Jullanite,  ass. 
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Kalait.  877. 
Kalislinimer.  813. 
Kaliniie,  895. 
Kalk-Harmotome,  v.  Philljpt- 

Kalb-unnEt,  870. 
Kalkspath.  S08. 
Kalk-volborthit,  874. 
Kallait,  877. 
Kalnazite.  8»4. 
Kftmmererite,  85S, 
Koinnikits,  S4T. 
Kaolin.  Kaolinite,  8G1. 
Karelinite,  '>SL 
Karyinito.  483. 
Katzenauge,  286. 
Keatingine.  S95. 
Keilbanite,  330. 
Kelyphite.  486. 
Kenn^Uitc.  250. 
Kentrolito.  480. 
Kcrargyritn.  280. 
Kcrmes.  Kcrmesite.  S84. 
Kerolith,  t>.  Cerolito, 
Kerrite,  85S. 
Kieael,  v.  Quarts. 
Kieselhupfer,  838. 
Kieselwismnth,  803. 
KieeelEinkerz,  839. 
Kieserite,  891 
KLllinite,  893,  486. 
Kiscbtiniite,  408. 
Kierulftnc,  888, 
Klaprotholite.251. 
Klinochlor,  808. 
KDobiUite,  800. 
Kobaltbllthe,  873. 
KabaltfflanE.  346. 
Kobaltties.  v.  Linneita 
Kobaltnickelkie!!,  34S. 
Kobellite,  354. 
KocheliU,  86S. 
Kochsalz,  350. 
Kcfiachite.  485. 
Kohle.  c.  CobL 
EokkQlit.  0.  Ooocolito. 
Kongsbergits,  234. 
KOni^ne,  89S. 
KOQlite,  414. 
Koppito,  850. 
KorarfvBite,  369. 
KOttigil*,  872. 
Korund,  v.  Corandam, 
Kotschubeite,  857. 
KouphotitB,  340. 
Knuitzite.  415. 
Kreittonite,  373. 
Kremerdte,  301, 
Krennerite,  480. 
KiisaTipto,  sn. 
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Krtnkito,  897. 
KnigiUi.  434. 
KuplGrantimoDglant,  230. 
KupferlileiHpsth,  896. 
Kupferglanz,  339. 
KupIcT^limmer,  875. 
Kupfenndig,  349. 
Kapferlciea,  341. 
Kaplerlamir.  411. 
Kupfernickel.  243. 
Kapfersammters,  897. 
Kupferschaum,  874. 
KupferechwSrae,  307. 
Kupffflrite,  2911. 
Kapfer-uranit.  878. 
Kupfer-vitriol,  804. 
Kupferwiamuthglans,  350. 
K;anit«,  8a3. 

Labradorite,  831. 
Labrador  feldspar,  S31. 
Lagonite,  882. 
Lunpodite,  388. 
Laaarkite.  891. 
Langite,  897. 
LanUianite,  410. 
Lapia-lazuliJlB. 
Larderellite.  883. 
fagur3tein,J|t8.      ''' 
Latrobite,  o.  Anorthite. 
Laumonite,  Laumontite,  83S, 
Xiaurito,  347. 
LantiU,  480. 
lAwrencite,  480. 
Laxmaimite,  880. 
LazDlile,  375. 
Lead,  Argentiferous,  SS8. 

Black  (gtaphite),  230. 

Corneoua  Iphoegeiiile), 

4oa 

Native,  236. 
Lead  antlmonate,  870,  879. 
arsenate,  806. 
Arsenlo-moljbdate,  885. 
carbonate,  407. 
chloride,  ^61. 
ohloro-carbonate,  408. 
chromate,  8SG,  880. 
molybdate,  384. 
oxichloride.  363. 
oxide,  367,  377. 
phosphate,  860. 
selenide,  236. 
aelenite,  483. 
aUipate,  437,  436,  430, 

431. 
Bulphate.  889,  800, 891. 
■nlphato-carbonate,  8U1. 
sulphide,  335. 
■ulpharseuite,  260,251. 


iSl,  352,  254. 
mlpbp-bismntJiite,  253, 
ei,427. 


631 

Lead  tellnrids,  287,  249. 

tuDgstate,  884. 

Tanadate,  867 ;  874,  436. 
Leadhillit«,  89(1;  430. 
Lcberkies,  e.  Hanwsita 
Lecontlte,  893. 
Ledererite.  845. 
Lederite.  SS6. 
Lehrbachlte,  337. 
Leidjite.  430. 
LenniXte,  436. 
Leopoldite,  a6a 


Lepidolite^ 
Lepidomeli 


814. 


Lepidomelane,  818. 

Lepidophsito,  44ft 

Leniilite,  486. 

Lealejite,  834. 

Lettoomite,  807. 

Leucftngite,  398. 

Lenchtei)b«rKit«.  857. 

Leucite,  818;  480.  - 

Leucocbalciti?.,  430. 

Leucoman^anite,  426. 

Leucopetnto.  ill  5. 

Leucophanit^,  300;  4Sa 

Leucopvrite,  248. 

Leucotilc,  430. 

Leviglianite,  241. 

Leyyne,  Levynite,  843. 

Lherzolfte,  27I. 

Libethenite,  378;  430. 

Liebi^te,  413. 

LieTnte,  800. 

Lignite,  418. 

Ligurite,  836. 

Limbachite,  851. 

Lime  =  Calcium     oxide,    i; 

Calcium. 
Limestone,  400,  401 
Limonite,  280. 
Linarite,  896, 
Linnnits,  245. 
Linaenerz,  874. 
Lintonita,  488. 
Lionile,  487. 
Lirooonite,  874 
Liskeardite,  480. 
Lithionglimmer,  814. 
Lithiophillle,  438. 
Litho^phic  Stone,  400. 
Lithomarge,  853. 
Livingatonite,  233;  480. 
Loganite,  856. 
Laningite,  24a 
Louiaite,  480. 
LOweito,  894. 
LSwigite,  896. 
Loxoclase,  336. 
Luckite,  431. 
Ludlamit«,  373. 
Ludwigite,  88^. 
LDneburgite,  383. 
Luzon  ite,  258. 
Ljdian  stone,  287. 

n„i,,---:.>..t.>wylc 


Hacfarlanite,  480. 

Macle,  391. 

Uaconite,  355. 

Magnesia  =  Magnesinm   oi- 

ide,  r.  Magnesium, 
Magnegioferrite,  373. 
Magnesite,  40Z. 
M^neaum  aluminate,  271. 

arsenate,  871. 

borate,  860,  881 . 

cubooate,     402, 

chloride,  300,261, 


fluo-silicate.  327. 

hydrate,  281. 

nitrate,  876. 

oiiUe,  367.  - 

phosphate,     369 
433. 

silicate,  290,  8O0 
848,  849,  850. 

Enlphatc,  804. 
Hagncteisenstein,  272. 
Magnetic  iron  ore,  373. 
Magnetic  pyrites,  241. 
Magnetite,  2:2. 
Magnetkies,  241. 
Magnofcnite,  873. 
Magnolitc,  480. 
Mabcbitc,  Blue.  411. 

Ureen,  411. 
Malacolite.  293. 
Maldonitc,  231. 
Malinowskite,  356. 
MallatdiCe,  ' 


MangsnbTucite,  432. 
Manganepidot,  308. 
Manganese  borate,  380. 

carbonate,  403. 

columbale,  43:). 

oiide,    277,    2T( 

380.   282,    381 

431. 


silicate  204,  800, 
SOl; 

sulphide.  287, 344. 

Bulphate,  431, 437. 

tantalat^,        350, 
487. 

tungstale,  383. 
Hanganglanz.  237. 
Hanganitc.  280. 
Manganocakite,  406. 
MongaoophyllibB,  313. 
Uanganoeiderite,  435. 
Hangtuioeite,  481. 
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Hangansptth,  408. 
Mansantantalite,  487. 
Mar&le,  400. 

Vcrd-antiqne,  850. 
Marcasite,  347. 
Margarita-,  357. 
Margaritas.  110. 
Margarodlte,  358;  814. 
MaraarophylUtes,  848,  ti  teq. 
Manalite,  816. 
Harionite   410. 
Murmairolite.  481. 
Marmatite,  28S. 
Marmolite,  860. 
Martitc,  269. 

Mascasnine,  Mascagnite,  392. 
Ma!>kcljnite,  332. 
Mosonite,  358. 
Massicot,  367. 
Matlockite,  262. 
Matricite.  481. 
Maxit«,  301. 
Medjidite,  897. 
Meerschaum,  849. 
Mc^basite,  :I83, 
Mcionite,  SIB. 
Mclaconite,  267. 
Melanglanz,  v.  Stephanite. 
Melanite,  304. 
Melanochroite,  386. 


Meknotckite,  481. 
Meknothallite,  481. 
Melanterite,  395:  481. 
Meinite,  Mellilite,  800. 
Melinophane,  300. 
Meliphanite,  SCO;  481. 
Mellite,  412. 
Melonite.  3i9. 
Monaccanite.  309,  481. 
Mendipite,  263. 
Menduzite,  895. 
Menefrhinite,  250. 
Mengite,  S6L 
Mcnnigp.  277. 
Merosene,  431. 
Mercury,  Native,  Sd4. 
Mercury  chloride,  260. 

iodide.  360. 

selenide,  287. 

sulphide.  240,  241. 

teUuride,  438. 

telturate,  480. 

su  Iph  -ODtimonitc, 
2;ta. 
Mesitine,  Metdtite,  403. 
Mesolite.  843. 
Mesolype.  342. 
Metabnishite,  871. 
Metacinnabarite,  241. 
Metaxite,  861. 
Meymacito,  384. 
lUargyrite,  249. 


HicaOrout),4n;481. 
Hichaelsonite,  SOB. 
Hicrocline,  326. 
MienoUtc  859;  481. 
Microph  jllites,  Microplakites, 

Microeominito,  317. 
Middletonite,  41.). 
Mikroklin,  v.  Microcline. 
Milarite,  483. 


Miller 


■,  241. 


Mimetene,  Mimetito,  366;432. 
Mimetese,  Himetcaite,  866. 
Mineral  coal,  417. 

oil,  4ia. 

pitch.  416. 

itr,  418. 
Minium,  277. 
Mirebilite,  802. 
Mispicket,  347. 
Misy,  395. 
Hixit«,  432. 
Mizzor.ite.  816. 
Molybd&Dglanz,  288. 
HolybdSnocker.  384. 
Molybdenite.  283;  482. 
Molybdenum  oxide,  284. 

Bulphide,  288. 
Holybdite.  264. 
MolybdomenUo,  482. 
Molysite,  261. 
Mooasiitc,  808:  482. 
Mondatein,  r.  UxJonBtaoe. 
Honetite,  433. 
Monimolite,  870. 
Monite,  4;>3. 
Monrolite,  382. 
Montanite,  397. 
Montebrasitc,  370;  420. 
MonticeLite,  EOO. 
Montmartitc,  i*.  Oypsum. 
Montmorillonite,  S4S. 
Moonstone,  828,  824,  825. 
Mordcnite,  433. 
Morenosile.  ;I95. 
MoroiiU,  .365. 
Moeaodrite,  800. 
Mottramite,  874. 
Mountain  cork,  397. 

leather,  297. 
MuckitP,  486. 
Mumroontitc,  306. 
Muscovite,  818. 
MOaenite.  v,  SiegeniU. 

Kadcteiaenstcin,  280. 
Kadelerz.  254. 
Nadelzcolith,  842. 
Nadorite.  870. 
Nagyagite.  349;  482. 
Namaqualite,  283, 
Nantokite,  260. 
IfaphrhA.  418. 
HajdiUwIln^  414. 


u^lc 


Natrolite.  842;  482. 
Natron,  408. 
Natronborocstcite,  881. 
Naumannite,  33S. 

Needle  ore,  v.  Aikinite. 
Nemalito,  263. 
NeocBrysolite,  428. 
NeocyaniU,  482. 
Neotocitc,  8S4. 
Nepheline.  Nephelite,  816. 
Nephrite,  287.  482. 
Neudorfil«,  435. 
Newberyite,  48J. 
Ncwjaoskite,  224. 
Newportite,  358. 


arsenide,  242:  246. 

carbonate.  410. 

oxide,  397. 

Bilicote,  851.  427. 

Bulphatu,  805. 

Bulphide,  341. 

telluride,  L'49. 
Nickel  glance,  v.  Geredorfflte. 
Nickcltirsenikglanz,  246. 
Nickekrsenikkies,  246. 
Nicbelblathc,  3T3, 
Niekel-Gymnite,  351. 
Nickclkies,  341. 
Nickelsmaragd,  410. 
Niobite.  360. 
Nitro,  yr». 
Nltrobarite,  438, 
Nitrocalcite,  370. 
Nilroglanborite,  870. 
Nitromagnesite,  870. 
Nocerine,  Nocerit«,  48S. 
Nohlite,  i!68. 
Nontronite,  850. 
Nosean,  Nosite,  818. 
Noumcaite,  Noumeite,  851. 
Nuttalite,  V.  Wernerito. 

Ochre,  red,  208.     " 
OctHhedrite,  277;  4S8. 
CKllocberite,  |j54. 
Okenite.  888. 
Oldhamite,  285, 
UligoclaKe,  8^8. 
Oliveni(«,  878.— > 
Olivine,  800.- 
Onofrite,  4.'ia. 
Onlariolitc,  435. 
Onyx.  287. 
oolite,  400. 
Opal,  288.     ■ 
Upbiolite,  8'iO,  403. 
Orungile.  340. 
Orpiment,  231;  483. 
Otihite,  308;  438. 
(>rthoclafie,  325;  488. 
Oryzite,  429. 
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Osmiridium,  224. 

Ost«olite,  865. 

Ottrelite,  358;  433. 

OavaroTite,  804. 

Owenite.  858. 

Oiammite,  433. 

Ozarkite,  343. 

Ozocerite,  Ozokerit,  414;  433. 

PachnoUte.  3(15;  488. 
Pagodite,  848,  852. 
Paisbereite,  384 
Palagnmte,  86a 
Palladium,  Kalire,  224. 
Pandermite,  484. 
Parachlorite,  436. 
Pamffln,  413. 
Paregonito,  354. 
Pa  ranker:  to,  402. 
Parantbito,  SI 6. 
Paiasitn,  v.  Boracite. 
Parastilbite,  426. 
Parathorite,  340. 
Pargasite,  S07. 
PariBila.  408. 
Parophite.  853. 
Pattereonite,  358. 
Pealite,  288. 

Pearl-mica,  v.  Margarita. 
Pearl-spar,  401. 
Peehkoblc,  417. 
Pechopal,  3S0. 
PeekhamitB.  433. 
Pectolitc,  387;  433. 
PegaTilte.  878. 
Peematolite.  v.  Orthoclaae. 
PelaKite,  433. 
Pelhamite,  365. 
Pencatito,  410. 
Pennine,  Peuninite,  355. 
Penwithite,  433. 
Pereylite,  262. 
Periclase,  Periclarite,  267, 
Peridot,  300.  330. 
Perikline.  PeHklin,  824. 
PeriBterite,  324 
Perlgliranier.  867. 
Perthito,  856, 
Perofskite,  370;  488. 
Perowskit,  27Q. 
Petalite,  395;  438. 
Petroleum,  418. 
PeUiU),  2^0. 
Phacolite,  344. 
PlueaclinLte.  420 
PharnnacolJte,  370, 
Phannacoaiderite,  3T6;  433. 
Pbenacite,     Phenakit;     301 ; 


Philoaelphite.  430. 
Phillipite,  887. 
PbUlipaite,  84G;  43S 
Phlogopite,  812. 


Phoenicoehroite,  886. 

Pholerite.  353. 
PboagBQite,403. 
Pbospbocerite,  364. 
PboBpbochalcito,  874. 
Phosphoohromite,  888. 
Pbosphorite,  305. 
Phosphuranylite,  434 
Phyifite,  358. 
Physalitc,  838. 
Phylocollile,  423. 
Piaozite,  416, 
Picite,  434. 

Pickeringitc,  803;  434 
Picotite,  371. 
Pictanalcite,  423. 
Picroallumogeae,  434. 
Picrolite,  331, 
Picromerite,  304. 
PicrDpharmacolite,  371. 
Pictit*,  386. 
Piedmontite,  808. 
Piblite,  340. 
PUarite,  423. 


Pilini 


.  844. 


Pilolite,  ^ 
Pimelite,  851. 
Pinite,  351. 
Pisanite,  303. 
Pisolite,  400. 
Pistacite,  I'istazit,  807. 
Pistomesite,  408. 
Pitchblende,  274 
Pittasphalt,  418. 
Pitticitc,  Pittizit,  370. 
Plagioci trite,  434 
Plagioclase,  318. 
Piagionitfl.  351. 
Plasma,  386. 
Plaster  of  Paris.  ?M. 
Platinum,  Native.  228;  484 
Platiniridinni.  224. 
Pleonasto.  v.  Spinel. 
Plumbago,  330. 
Plumballophane,  841. 
Plum bogum mile,  3T7. 
Plumbomanganite,  4;>1, 
Plumbostnnnite.  434. 
Plunibostib,  v.  Boulangerite. 
Polianitc.  378. 
Pollueite,  Pollux,  209. 
Polyatsite,  853. 
Polyargvrite.  257, 
Polybasite,  367. 

Polycbroiiite,  353, 
Polvdvmite,  434. 
PclVhklitc,  803;  484 
PolymiEnitc,  863. 
Poonablit^,  343. 
Porcellophite,  351. 
Poscpnyle,  435. 
PotaEsium  ebloridc,  260. 

cbiomate  (?),  4S7. 


,.,i,ylC 


PotuBlnm  nitrate,  879. 

BilieaU,  81il,  825. 

tiulphate,  300. 
Potash  ET  PoUsaium    oxide, 

V.  Potassiuin. 
Prase.  26a. 
I'rmme.  874. 
FrasMiIite,  8S3. 
PreiinMite,  410. 
iatiit«, 


Pregatiit 

Prefinil*. 


340, 


Proehlorite,  857. 
Proidonite,  2flt 
Prosopite.  365. 
ProtoboEtite.  290. 
Protochlorite.  486. 
ProtoTerraiculite,  489. 
Proustite,  2S:l, 
I'russian  blue.  Native,  S7J. 
PrzibmiDito,  ^.8,  2tJU. 
Peeudobrookite,  4^4. 
Psi'uclocotiiniiilo,  361. 
PseiulomalHcliite,  U74. 
Pseudonatrolite,  434. 
Pseudopiiitc,  850. 
Psilum^o,S^3;434. 
P^illacinitc,  874. 
Pui'hcrite,  86T. 


1-^rallolite,  848. 
Pyrarpllite,  859. 
Pyragjrite,  263. 
Pyrcneite,  804. 
Pvrgom.  393;  484. 
Pyrite,  248. 
Pjritea,  Arsenical,  247. 

Auriferous.  220. 

Capillary,  241. 

Cockscomb,  247. 

Copper,  244. 

Iron,  248. 

Maencile,  341. 

Radiateii.  247. 


IVhitc  ii 


:,  247. 


I,  347. 


Pvroclilore,  ft'J9. 
I^Twhroitc,  282. 
Pjroconitc,  265. 
Pymlufeite.  378;  484. 
Pyromorphite,  866. 
Pyrope,  808, 
Pyrophosphoritc,  484. 
Pyrophyllite,  849. 
PJTopisHitc.  414. 
Pvmretinitc,  415. 
Pvrosclcrite,  855. 
I^roHinalit^,  840. 
ISroatilpiiilc,  353. 
PyroxeDe,  293. 
PyrrhiU',  8^9. 
Pyrrhosiderite,  280. 
tVrhotito,  241;  434. 
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Quartz.  284;  484. 
(JuecksilJDerbranden,  414. 
(juetknilberhomerz,  260. 
Quicksilver,  224. 

Kadelera,  258. 
Radiated  Pyritds.  347. 
Raimondite,  895. 
RaUtontte.  265,  485. 
Randil«,  4a'>. 
Ratotkite,  263. 
Rauite,  842. 
Ranmite.  8S3. 
Realgar,  231. 
R«d  copper  ore,  266. 

bemalitc,  2U9. 

iroD  ore,  269. 

ochre,  369. 

^Iverore,  253,253. 

zinc  ore,  260. 
Reddlngite,  485. 
Refdanskite,  3S1. 
Rcichardtite,  426. 
Reinite,  4  5. 
RcisEite,  426. 
Rcmtnetonite,  410. 
B^nsselacrite,  848. 
ResBDite,  389. 
Resin,  MiDeral,  415,  485. 
Reswrroelite,  85J. 
Ketinalito,  351. 
Retinite,  416. 
ReiiBsinitc,  41 G. 
Rhabdophane,  485. 
Rhetizite,  Eii2. 
Rhagite,  877. 
Rhodizite.  43.1. 
Rhodochrosite.  408;  436. 
Rhodonite,  294. 
Rhomb-spar,  401, 
Rhyacolite,  836. 
RioDite  366. 
Riptdolite,  856. 
Riiiinf^rite,  252. 
Rivotite,  370. 
Rock  cork,  v.  Hornblende, 
crystal,  S86. 
meal,  401. 
milk.  400. 
I     salt,  259. 
Ra^merite,  89S, 
Rapnerju,  300. 
RcE^lente,  871. 
Rogenslein,  400. 
Rogersite.  485. 
Roineine,  Romeite,  870. 
Koscoelitc,  367;  436 
Roae  quart «.  286. 
Roeelile,  872;  435. 
Roaterite,  420. 
Roathomite,  415. 
Rosite.  858. 
Rothbleierz,  386. 
Botheiseneiz,  268. 


Rothgattigeix.  232.  ass. 
Rothknptererz,  266. 
RothnickelliieB,  242. 
Rothofflte,  808, 
Rothzinkera,  268. 
Rubellite,  880. 
Rubislite,  At^. 
Ruby,  Spinel,  AlniAi)dilte,271 

Oriental,  368. 
Ruby-4)lende,  r.  PvrsrgTrite. 
Rnbv  silver  26.'.  3iS3. 
RntherTordite,  362. 
RuUle.  276;  436. 
Ryacolite,  v.  Rhyacolite, 

Sahlite,  393- 
Sal  ammoniac,  260. 
Salmiak.  SfiO, 
Salt,  Common,  359. 
Somarskite,  8H1 ;  435. 
Sammetblende,  280. 
Sanidin.  8'?5. 
Saponite,  853. 
Sapphire  SiS:  830. 
>}srawakite.  435. 
Sarcglite  81S. 
Sareopside,  869. 
Sard,  287- 
Sardonyx,  387. 
Sartorito,  2.'>0. 
Sassolite,  Sassolin,  880. 
Satin-spar,  89;i,  400,  405. 
Saussurite,  809. 
Savite,  v.  Natrolite, 
Seapolite  Group,  816;  435. 
Schknmspath,  400. 
Scheelice,  884. 
Scheereite,  413. 
Schieferspath.  400. 
SchiWelaBerz.  2r,2. 
Schiller-spar.  851. 
Schirmente,  361- 
Schmir^l,  3i:8. 
Schneebergite,  48". 
Schorlomite,  887;  485. 
Schraulltc,  415. 
Schreiberaite.  242. 
Sehriftera.  Schrift-teUur,  348 
SchrSckingerite,  412. 
Sehuehardlite.  436. 
Schuppcnstein,  415, 
Schwartzembergite,  2ffiS. 
Schwarzkupfereiz,  28";. 
Schwatzite,  i-Vi. 
Schvelelkiea,  243. 
Schworspath,  S87. 
Bcleretinite,  415. 
Scleroc'lase,  S.'JO. 
Scolecite,  Scolezlte,  848. 
Soorodite,  :176, 
Seebachite,  844. 
Selenblei,  286. 
Selenite,  893. 
Selent^uecksilber,  231 


Sellute,  3«. 
*^^m£lmo,  339, 
Hcmseyite.  438. 
Scnarmontite,  264;  486. 
Sepiolite.  349;  436. 
SerpentiDe.  330;  486. 
Serpierite.  486. 
Sej-bertite,  358. 
Shop&rdite,  242. 
Siderazot,  4:t6. 
Siderite.  403. 
Sideronatnte,  436. 
SiderophyllitP,  431. 
Siegburgite.  415. 
Siegenite,  245. 
SilaonitP,  233:  428. 
Silberamalf^m,  2'ZS. 
Silberslanz,  2  !5. 
Silbcrnomurz,  -260. 
Silberkuptcrglanz.  240. 
SUberwisinuthelana,  430. 
Bilez.  V.  Quartz. 
Silicifled  wood,  286. 
Siliceous  sinter,  287,  388. 
Biliciophite,  416. 
Silicobgrocalcite,  383. 
Sillimanite,331. 
Silver,  2at. 

Antimonial.  234. 
Bismuth.  420. 
Horn.  260. 
Native,  23S. 
Ruby,  253. 258. 
Vitraous,  2ii6. 
Silver  antimonide,  2il4, 

chloride,  260. 
,  broDiido,  260. 

iodide,  2G0. 

selcnido,  235. 

Bulpti-antimoniCo,  250, 
2,)3,  256,  257. 

sulpb-arscnite,  253. 

sulphide,  235. 2S». 

Bulpho-bisinuthite,420, 

telluride.288;248,437 
SUvar  glance,  aiS. 
Siinonyita,  !iB4, 
Sinter,  tiiiiceous,  3^7,  380. 
Sipylife,  4^6. 
SisiDondine,  358. 
Sisserstiite,  234. 
Slcapolith.  «,Scapolite. 
Skletoklos,  v.  Sartorite. 
Sltolezit,  V,  Scolecite. 
Skulterudjte,  346. 
Siualtiiie.  Smaltite,  245;  436. 
Sinaracdite.  'J87. 
Smectite,  ;(48. 
Smithsonite.  404. 
Soapstone,  348. 
Soda  =  Sodium  oxide,  v.  So 

Sed&  nitre,  381. 
SodaUt«,  317. 
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Sodium  borate,  881. 

carbonate,  408,  400. 

chloride,  360. 

fluoride,  264. 

nitrate,  379. 

silicate,  323,  842. 

sulphate,    390,    891, 
892. 
Sommite.  816. 
Sonnensteia.  v.  Sunstone. 
Sonoma  ite,  484. 
Sparselstein,  365. 
Spatbic  iron,  403. 
SpftlbiopyritB,  246. 
Spear  pvrites,  347. 
Speckst^in,  348,  852. 
Specular  iron,  i68. 
Speerkies,  347. 
Speasartite,  304. 
Speiskobolt,  345. 
SphierocobBltite.  436. 
Sphicrosiderito,  403. 
Sphterostilbite,  340. 
Sphalerite,  237;  436. 
Sphene.  335. 
Spiauterite,  242. 
Spiuel,  271, 
Spinth^re,  SKi. 
Spodiosite,  430. 
Spodumene,  395;  436. 
SprOdglaserz,  356. 
Spnidelstein.  405. 
StaSeiite,  v.  Phosphorite. 
Stalactite,  400. 
Stalagmite,  400. 
SUnekite,  415. 
Stannite,  249. 
Staurolite,    Stanrotide,   830 : 

437. 
Steatite.  348. 
Steeleite,  433. 
Steinkohle,  417. 
Steinmark,  853. 
SteinOl.  413. 
Steinsalz,  350. 
Stephanit^,  250. 
Sterlingite,  3^4. 
Slernbergite.240;  487. 
Stibianlte.  487. 
Stibiconite,  487. 
Stibioferrite,  870, 
Stibnite,  2.t2;  437. 
Stilbite,  346,  437;  847. 
Stilpnomelane,  349. 
StolziCe,  384. 
Strahlerz,  374. 
Strahlkies,  247. 
Strahlslein,  307. 
Strablzeolith,  v.  Stilbite. 
Strengite.  437. 
Strigovite.  857. 
Stromeyerit«,  240. 
Strontianite,  406;  437. 
Strontium  carbonate,  40S. 


Strontium  sulphate,  881 
Struvito,  371. 
StQzite,  437. 
Stylolyp,  Stylotypite,  S 
Subdelessite,  425, 
Succinellita,  415. 
Succinite,  415. 
Sulphur,  Native,  238. 
Sunstone,  3'i3,  820. 
Susannite,  391. 
Sussexite,  380. 
Sylvanite,  248. 
Sylvine,  Sylvite,  360. 
SyngeniCe,  394. 
Szaboite,  487. 
Szaibelyite,  380. 
Szmildte,  437. 

Tabcrgite,  356. 
Tabular  spar,  391. 
Tachhydnte,  261. 
Tafalspath.  301, 
TaKilitc,  873. 
Talc.  ::48, 
Talktriplite,  437. 
Tallingitc,  263. 
Tantahte,  3i)9;  437. 


Tapalpitc 
Tapiolit«. 


Tapiolit«,  361. 

Tarapaokite.  437. 

Tasmanite,  41 S. 

Taznite,  437. 

Tellur,  Oediegen,  337. 

Tellurite,  437. 

Tellurium,  Bismuthic,  288. 

FoIUted,  349. 

Graphic,  348. 

Native.  227;  487. 
Tellurian)  oiide,  487. 
Tellursilber,  388. 
Telturwismuth,  238. 
Tengerite,  410. 
Tennantite,  256;  48& 
Tenorito.  267;  488. 
Tephroite,  800. 
Tequesqulte,  488. 
Tequixquttl,  488. 
Tefseralkies,  346. 


Thauhasite,  438. 
Thenardite,  890;  488. 
Tbinoliie,  4,'S6. 
Thomsenolite.  265:  438. 
Thomsonite,  342;  438. 
Thorite,  B40;  438. 
Thulite,  309. 
Thuringite,  358. 
Tiemannite,  237. 
Tile  ore,  366. 
Tin,  Native,  23Q. 
Tin  ore.  Tin  stone,  275. 

oxide,  275. 

pyrites,  V.  Stannite. 
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Tin  sulphide,  24S. 
TiDkal,  3H1. 
TiUneiscn,  369. 
TiUnic  iron.  269. 
Titanitc.  836;  43l>. 
TilMiluinoiide,270;  378,377. 
Titanolivine.  4->S. 
Titanomorphile,  488, 
Tiza,  c.  Ulezite. 
Tobermorite,  428. 
Toconialite,  3«i). 
TopAZ,  --ISi;  4;ta. 

False,  ase. 
Topazolite.  804. 
Torbanitc.  413,  418;  486. 
Torbemite,  Torberito,  878. 
Totaiffite.  436. 
Tounualine.  339,  438. 
.Travertine,  41 K). 
Tremolile,  397. 
Triehite.  110. 
Triolasite,  ^■'53, 
Tridytnite,288;  43B, 
Triphylite,   TriphyJinc,   869; 

4B9. 
Triplite,  369. 
Triploulite,  439. 
Tripoli(«.  2^. 
Trippkcitc.  439. 
Tritochoritc,  436. 
Tritomite,  840. 
Tr^rite,  KTfl. 
Troilile,  242. 
Trona.  408. 
Troostite,  801. 
TschelTkiaite.  3S«. 
Tschemiakite,  82a 
TBchcrmigitc,  895. 
Tuta,  Calcareous,  400. 
Tungslcn  oxide,  281, 
Tungstite.  2B4. 
Turgite.  3T9. 
Turmalin.  8->9. 
Tumerite,  388,  482. 
Turquois,  377. 
Tyrito.  863. 
Tyrolite,  874. 
Tysonite,  489. 

Ulesite.  881. 
Ullmannite,  347. 
Ultramarine,  818. 

Unlonite,  309, 
Uraconise,  Uraconite,  807. 
trmncliramer,  87«.  379;  430. 
Uranin,  Uraninite,  374. 
Uranite.  378.  379. 
Uruiiiiiii  arspnate.  379. 

carbonate,  412,439. 

oxide,  274. 

phosphate,  378, 879. 
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Urankalk,  413. 
Uranmica.  378,  37S. 
Uranochalcil«,  897. 
Uranocircite,  43B. 
Uranophane,  S41.' 
Uranospinitc.  379. 
Uranotantalite,  361. 
Uranolhallite,  43B. 
Uranoihorite,  488. 
Uranotile,  841:  489. 
Utanpecharz,  374. 


,409. 


UrpethiK 
Urusiie,  486. 
UrvSlgyite,  488. 
Uwarowit,  304. 

Vaalit«,  856. 

Valentinite.  284. 
Vanadinlte,  387;  489. 
VariBcite,  489. 
Vauqueline,  Vanquelinite, 

886. 
VeDBsquite,  433. 
Venerite.  439. 
Vcrd-antique,  850. 
Venniculite.  855;  439. 
Vesbine,  439. 
Vesuvianite,  805,  440. 
VeBzelyite.  373,  440. 
Victocitc,  290. 
Victingtiofit«.  435. 
VillHi^te,  S40. 
Vitreous  copper,  289. 

.silTcr,  235, 
Vitriol.  Blue,  894. 
Vivianite.  871. 
Voglianit*.  397. 
VoailU-.,  412. 
VOlkncrite,  283. 
Volborthile,  874 
Voltaitc,  805. 
Vorhauseritc.  351. 
Vreckite,  422. 
Vulpinite,  889. 

Wad.  383,  440. 
Wa>nie>^t«,  868:  440. 
Wak-howite.  416. 

Walkerite.  438. 
Walpurgil*.  379,  440. 
Waluewite.  AiO. 
Wapplcritc,  871. 
Warrinctoiiite,  i 


Wai 


fipkite,  8>'3. 


Wuttevillile,  440. 
Wnvi'llito.  3:e. 
Websterile.  v.  Aluminite. 
Wchrite.  233. 
Weissbleiera.  407. 
WeissiU.  368. 
Weisspiessglaserz,  284. 
Wernerile.  816. 


Wertheraaoito.  890. 
Westani(«.  ;i83. 
Wheelerite,  415. 
Wheel-ore.  353. 
Whewellite,  413. 
Whitnevite.  .'iW. 
WiehliAe,  Withlisite,  299i 
Willeoxite,  358. 
Willemile.  301. 
WilliamBite,  351. 
WilBonite.  ;i53. 
Winklerite,  373. 
Winkworthite,  883. 
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r.  364. 


Wiamulh,  Qediegeo,  227. 
'Wuuniithglanz,  283. 
VVisiiiuthocker,  284. 
Wismultaspatb,  413. 
Witherite,  406. 
WiiticbenlteNyi*. 
Wochcinite.  2t<l. 
Wahlerite,  300. 
Woltachite.  247. 
Wolfram.  888. 
Wolframite,  383. 
Wollaslonite.  291. 
Wollongongite.  416;  488. 
Wood-opal.  289. 
Wood  tin,  275. 
Woodwardite,  397. 
WOrthite.  333. 
Wn1fenile.SS4;  440. 
Wllrfelera,  876. 
Wurtzite.  343,  436. 

Xantholitc.  437. 
ylllte,  3 

ferite,  281. 
Xenotime,  364;  440. 
Xyloretinite,  415. 

Tenite,  809. 
Yonngite,  440. 
Tttergranat,  308. 
Ytt«repath.  864. 
Yttrium  phosphate,  8«4. 
Yttrocorile,  264. 
Yttrogumniite,  428. 
Yttrotantalite,  801,  363. 
Yttrotitanitc,  386. 

ZaratLt«,  410. 
Zeolite  section.  342. 
Zepharoviohite,  370. 
Zeuncrite,  379. 
Ziegelcrz.  366. 
Zietri^ikitc,  414. 
Zinc.  Native.  326 
Zinc  alumjnate  873. 

arsenate.  373. 

blende.  237. 

bloom,  t'.  Hvdrorindbt 

carbonate.  404,  410. 


H.Uy 


H^ 


Zinc  ore,  Red,  266. 

oxide.  2fi6,  273. 

silicate,  801.339. 

sulphate,  39S,  440. 

sulphide,  £37.  243. 
Zincalumiuite,  440. 
Zinoite,  266. 
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I  Zinkblathe.  410. 
!  Zinkeiiite,  260. 

Zinkspath.  404. 

Zinnerz,  Zinnatain,  275. 

Zinnkifts,  245. 

Zionober.  240 

Zianwftldite,  v.  Lepidolite. 


I  ZIppeito,  SffJ. 
I  Zircon.  804;  440. 
i  Zoisite.  308. 
'  ZOblilzile,  ftil. 

Zonochlorit«,  840. 

Zorgite.  387. 

zwKseiitA,  sea 
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